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Close  observation  of  jet  or  piston  engine 
test  performance. 


Brand  new!  RCA  “Teiemite”  (model  JTV-I)  a  1-pound 
ultra-miniature  television  camera,  makes  possible  direct 
observation  of  sites  and  events  never  before  accessible  by  TV 
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Observation  and  control  of  am¬ 
phibious  and  airborne  landings. 


It  fits  lightly  into  the  hand;  it  can  be  carried  in  a 
pocket;  it  weighs  about  a  pound;  it  will  go  places  too 
small  for  ordinary  cameras,  too  dangerous  for  man;  it 
will  observe  without  being  conspicuous;  it  may  be 
mounted  on  a  tripod,  fastened  to  wall  or  bulkhead, 
hand-held  by  a  pistol  grip.  Size:  114'^  x  2^8"  x  4M". 


By  means  of  a  transistorized  circuit  and  the  new  RCA 
half-inch  Vidicon,  the  ’’Telemite"  actually  surpasses 


standard  Vidicon-type  industrial  TV  cameras  in  sensi¬ 
tivity.  It  produces  clear,  contrasty  pictures  with  a 
scene  illumination  of  10-foot  candles  or  less. 


The  ’’Telemite"  operates  with  up  to  200  feet  of  cable 
between  it  and  the  control  monitor,  and  this  distance 
can  be  further  extended  by  using  a  repeater  amplifier. 
This  is  the  first  TV  camera  to  employ  photoelectric- 
sensitivity  control,  which  provides  automatic  adapta¬ 
tion  to  widely  varying  scene  illumination. 
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Surveillance  of  assembly 
areas  and  movements 
of  forces. 


Observation  of  danger  areas, 
where  exposure  would  Involve 
danger  to  personnel. 
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NE  of  many  designs  that  have  helped  make  the  name 
Kennedy  synonimous  with  advanced  radar  antenna  develop¬ 
ment,  this  new  long  range  reflector  measures  40'  from  tip 
to  tip,  features  sectionalized  aluminum  construction  for  ease 
of  transportation  and  erection,  meets  military  specifications 
for  all-weather  reliabilitv. 
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When  dni  irttfuderj^^qpprMches>  .his  range/ beoring^course  aiid  speed  ore  instohrty  flashed  to  the  Con¬ 
tinental  Air  Defense' Command,  along  wth  voice  "and/intercept  command  signals.  This  Information, 
“multiplexed”  by  Lenkurt  single-sideband  comer  equipment,  rides  ashore  on  a  microwave  radio  beam. 

Lenkurt,  a  leading  specialist  in'^tefecc^rnunicqtions/  has  worked  directly  with  government  agencies 
and  with  other  manufacturers  in  plcmning  and  providing  communications  circuits  for  many  vital  defense 
installations.  Lenkurt  equipment,  .whether  “off-the-shelf”  or  designed  especially  for  the  job,  offers  the 
trouble-free  reliability  so  essential  to  dpplicatibns  involving  our  national  security. 

Lenkurt  maintains  facilities  keyed  to  research;  development,  and  precision  production  of  carrier,  micro- 

y,>.- 

wave,  and  complete  communications  systems."  Specify  Lenkurt,  and  take  advantage  of  the  unique  exper¬ 
ience  of  a  company  geared  to  meet.the  exacting  requirements  of  government  and  military  applications. 
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FIELD 
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Bendix-Decca  provides  the  navigation  and  position  location 
required  by  army  ground  and  aviation  units  to  carry  out 
the  modern  tactical  concepts  of  warfare.  Position  location 
is  instantaneous.  Accuracy  to  within  tens  of  feet  is  pro¬ 
vided  at  all  altitudes  (behind  hills  and  obstructions)  in  all 
weather,  and  without  revealing  the  presence  of  friendly 
units.  The  system  is  a  basis  for  drone  or  missile  guidance, 
and  a  key  to  effective  reconnaissance,  troop  safety  and 
air  and  ground  traffic  control. 

Bendix-Decca  is  the  low  frequency  area  coverage  naviga¬ 
tion  system,  assuring  operation  beyond  line  of  sight  and 
below  the  curvature  of  the  earth.  The  system  will  incorpo¬ 
rate  a  Pictorial  Display  which  visually  traces  on  standard 
army  maps  the  Instantaneous  location  and  course  of  fixed 
wing  aircraft,  helicopters,  ground  vehicles,  and  troops. 
This  Information  can  automatically  be  made  available  at 
command  locations  or  field  headquarters. 

Army  personnel  are  Invited  to  write  for  the  booklet  “Pre¬ 
cise  Position  Information  for  a  Future  Field  Army." 
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ballistic  missile 


Technology  and  the  Air  Force 


Program 


I  AM  GOING  TO  SAY  a  Word  about 
the  following:  economy  in  Govern¬ 
ment;  electronics  in  today’s  and  to¬ 
morrow’s  military,  and  the  Air  Force 
Ballistic  Missile  Program. 

Perhaps,  uppermost  in  your  minds 
today  is  economy  in  Government 
and  how  it  affects  you.  For  quite 
a  number  of  months,  the  press  has 
contained  statements  concerning 
more  conservative  economics  in  Gov¬ 
ernment,  particularly  in  the  matters 
of  military  spending  and  procure¬ 
ment.  More  recently,  a  number  of 
public  speeches  by  persons  in  policy 
making  positions  have  confirmed  that 
governmental  economy  has  become 
the  order  of  the  day  and  of  the  im¬ 
mediately  foreseeable  future.  Quite 
obviously,  those  of  us  who  are  plan¬ 
ning  and  executing  military  develop¬ 
ment  programs  are  affected.  Some 
problems  will  certainly  arise  which 
will  be  difficult  to  solve  at  the  mo¬ 
ment.  A  contracting  operation*  is 
certainly  a  greater  managerial  chal¬ 
lenge  than  an  expanding  one.  On  the 
other  hand,  I  see  no  need  for  pessi¬ 
mism.  There  are  certain  advantages 
in  careful,  conservative  management. 

A  survey  conducted  to  determine  the 
relative  success  of  various  classes  of 
recent  years  from  one  of  our  most 
famous  universities  came  up  with  the 
finding  that  the  depression  home 
class  of  1931  had  the  largest  aver¬ 
age  earnings.  Intelligent  thought  can 
sometimes  reverse  difficult  situations 
and  turn  them  to  the  advantage  of 
those  willing  to  meet  the  challenge. 

The  situation  regarding  develop¬ 
ment  and  procurement  for  the  Armed 
Forces  would  have  been  somewhat 
uneasy,  even  though  the  recent  eco¬ 
nomic  policies  had  never  occurred. 
This  is  true  because  advances  in 


science  and  technology  have  pro¬ 
foundly  affected  military  planning 
since  World  War  II.  I  refer  to  the 
general  use  of  nuclear  and  thermo¬ 
nuclear  weapons  and  to  the  very- 
great  increases  in  the  speed  of  air¬ 
craft  and  missile  delivery  systems. 
The  result  has  been  a  retreat  from 
the  concepts  of  great  masses  of  air¬ 
craft  and  surface  vessels  which  char¬ 
acterized  World  War  II.  The  impact 
upon  those  engaged  in  producing  air¬ 
craft  is  obvious. 

At  first  glance,  it  might  appear 
that  the  market  for  electronic  devices 
might  be  sharply  reduced  since  the 
number  of  aircraft  required  to  do  a 
given  task  has  been  decreasing  as 
the  performance  of  weapons  in¬ 
creased.  However,  due  to  the  need 
for  better  navigation  and  control  de¬ 
vices  in  high  performance  aircraft, 
the  electronic  devices  have  become 
more  sophisticated,  partially  compen¬ 
sating  for  the  reduction  in  numbers. 
Furthermore,  the  environment  of  the 
high  performance  vehicles  is  increas¬ 
ingly  more  difficult  for  air  crews; 
therefore,  they  require  more  and 
more  assitance  from  electronic,  elec¬ 
trical  and  mechanical  devices.  This 
trend,  of  course,  is  carried  to  an  ex¬ 
treme  in  guided  missiles  where  black 
boxes  eliminate  the  pilot.  Conse¬ 
quently,  in  the  air-nuclear  age,  the 
demands  upon  the  electronics  indus¬ 
try  have  become  greater  than  ever.  ^ 

I  believe  that  at  this  point  it  i^ 
important  to  emphasize  that  there  is 
now  and  probably  always  will  be  a 
demand  for  manned  aircraft  for  mili- 
tary  purposes.  The  performance  of 
manned  aircraft  is  increasing  at  a 
rate  which  keeps  them  competitive 
with  missiles.  The  transition  to  mis¬ 
siles  is  just  beginning  and  will  con¬ 


tinue  in  a  slow,  orderly  manner  as 
missiles  prove  their  reliability.  Con¬ 
sequently,  organizations  interested  in 
serving  the  cause  of  military  elec¬ 
tronics  must  keep  one  foot  firmly 
planted  in  the  technology  already  es¬ 
tablished,  but  be  prepared  with  the 
other  to  step  into  the  imaginative 
and  challenging  missile  electronics 
field. 

Although  most  crystal  halls  are 
cloudy  at  best,  it  appears  that  the 
best  advice  for  those  interested,  in 
staying  in  or  entering  the  military 
electronics  field  is  sound  planning 
and  diversification.  A  policy  of  ex¬ 
ploiting  present  techniques,  hut  ex¬ 
ploring  advanced  and  new  funda¬ 
mental  approaches,  seems  necessary. 
Sound  judgment  and  good  manage¬ 
ment  are  more  essential  than  ever  be¬ 
fore.  The  low  cost  producer  of  qual¬ 
ity  goods  will  get  plenty  of  business. 

From  the  Air  Force  standpoint, 
more,  rather  than  less,  thought  must 
he  given  to  weapons  systems  before 
they  are  begun.  The  studies  must  be 
done  in  an  extremely  careful  and 
competent  manner.  Systems  engineer¬ 
ing  has  become  increasingly  impor¬ 
tant.  So  from  industry’s  standpoint, 
each  organization  participating  in  a 
military  program  must  have  people 
capable  of  understanding  and  match¬ 
ing  the  interface  with  other  partici¬ 
pants.  Someone  must  review  the  en- 
.tire  result  and  see  that  it  fits  togeth¬ 
er.  The  fundamental  results  of  re¬ 
search  groups  must  be  extracted  and 
fed  into  the  systems  engineers  to 
avoid  entry  into  costly  blind  alleys. 

The  work  of  the  fundamental  re¬ 
search  groups  themselves,  or  more 
precisely,  their  efforts  which  are  sup¬ 
ported  by  military  funds,  must  be 
planned  more  carefully,  with  less 


1)y  Major  General  Ik-rnard  A.  Scliriever,  USAI^'  / 
h'oree  ballistic  Missile  Division  /  Air  Research 


Coninianding  General  /  Air 
and  Development  Command 
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duplication.  I  do  not  wish  to  imply 
that  investigations  of  a  general  sci¬ 
entific  nature  should  be  curtailed,  but 
that  such  work  will  probably  be  sup¬ 
ported  to  a  larger  degree  by  organi¬ 
zations  with  a  specific  charter  for 
such  work. 

Perhaps  some  of  you  might  be  in¬ 
terested  in  a  few  of  the  specific  areas 
in  electronics  which  some  of  my  staff 
believe  are  particuarly  worthy  of  at¬ 
tention  for  future  Air  Force  appli¬ 
cations.  I  might  mention  continued 
emphasis  on  solid-state  devices,  par¬ 
ticularly  with  regard  to  quality  con¬ 
trol  in  manufacture  and  to  reliability 
in  application.  Improved  and  more 
accurate  instrumentation  for  missile 
flights,  improved  packaging  for  high 
static  and  vibration  environment,  and 
light  weight  electronics  associated 
with  gyros  and  inertial  systems  are 
needed  also.  Further  work  on  data 
extraction  devices,  and  the  work  of 
those  whose  purpose  is  to  convert  in¬ 
formation  from  analog  to  digital 
form,  would  be  worthwhile.  Since 
the  interest  in  mouse  traps  has  begun 
to  wane,  the  world  would  probably 
beat  a  path  to  the  door  of  someone 
who  built  a  really  outstanding  ac¬ 
celerometer — most  particularly  if  he 
could  do  it  for  a  reasonable  price. 

Now,  I  would  like  to  say  a  little 
about  the  Air  Force  Ballistic  Missile 
Program. 
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The  long-range  ballistic  missile 
program  of  the  United  States  Air 
Force  represents  the  largest  integrat¬ 
ed  technical  development  program 
ever  attempted  by  this  country.  It 
involves  a  simultaneous  extension  in 
practically  every  phase  of  the  guided 
missile  art.  Compared  with  previous 
developments,  it  includes  higher 
thrusts,  higher  weight -to -structure 
ratios,  higher  speeds,  higher  accur¬ 
acy  and  greater  versatility  in  gui¬ 
dance  and  control,  higher  rates  of 
burning  of  propellants,  higher  tem¬ 
peratures,  and  greater  expansion  of 
facilities  and  industry  capability  in 
a  short  period  of  time. 

Management  and 
Organization 

There  are  two  somewhat  separable 
aspects  of  our  ballistic  missile  pro¬ 
gram  in  which  the  relationship  with 
previous  projects  appears  worth  men¬ 
tioning.  One  aspect  has  to  do  with 
management  and  organization.  The 
other  concerns  general  technical  as¬ 
pects  and  testing. 

First,  let  me  discuss  organization 
and  management.  From  the  begin¬ 
ning  of  the  accelerated  program,  it 
was  evident  that  questions  of  man¬ 
agerial,  philosophical  and  organiza¬ 
tional  approach  would  need  special  at¬ 
tention.  Why  was  this?  Well,  first,  it 
was  obvious  that  the  total  effort,  if 
carried  out  successfully  in  a  relative¬ 
ly  short  time,  would  involve  a  con¬ 
siderable  fraction  of  the  nation’s  sci¬ 
entific  and  material  resources.  Sec¬ 
ond,  the  simultaneous  advances  re¬ 
quired  for  the  present  program  in 
all  aspects  of  guided  missile  system 
art  made  clear  that  large  facility, 
hardware,  and  reliability  testing  pro¬ 
grams  would  be  needed.  Third,  it 
was  obvious  that  the  entire  program 
would  have  to  be  widepread  geo¬ 
graphically  and  would  have  to  in¬ 
clude  contributions  by  large  numbers 
of  organizations.  Therefore,  the  en¬ 
tire  effort  would  have  to  be  unusu¬ 
ally  well  organized  arid  highly  sup¬ 
ported  on  a  good  management  and 
good  scientific  base.  These  operations 
could  not  be  left  to  trial  and  error 
and  bit-or-miss  experimentation. 

Top  military  and  technical  people 
have  joined  to  create  and  maintain 
a  research  and  development  plan,  a 
production  plan  and  an  operational 
plan  with  the  least  doubts  as  to  the 
fundamental  soundness  and  proper 
timing  for  each  step.  Of  course,  any 
program  comprising  a  vast  number 
of  interrelated  steps  cannot  be  pre¬ 
cisely  laid  out  ahead  of  time.  More¬ 
over,  some  steps  must  depend  upon 
progress  or  data  obtained  in  earlier 


ones.  But  the  objective  has  been  to 
plan  a  program  that  will  have  a  min¬ 
imum  chance  of  hinging  upon  any 
greatly  speculative  technical  issue, 
and,  equally  important,  upon  any 
questionable  evaluation  as  to  the 
ability  to  perform  the  development 
and  production  as  required,  or  to 
train  the  people  and  establish  the 
operational  bases  on  time. 

A  web  of  communications  has  been 
set  up,  converging  into  one  central 
source  competent  to  evaluate  the  in¬ 
formation  and  to  provide  proper  di¬ 
rection  to  all  the  team  members.  Even 
the  initial  relationship  between  mili¬ 
tary  requirements  and  the  perform¬ 
ance  specifications  requires  regular 
reviews,  and  modifications  to  attain 
an  earlier  result  always  have  to  be 
weighed  against  a  competitive  meth¬ 
od  gaining  a  later  but  superior  result. 
Planning,  monitoring  and  optimum 
assignment  of  facilities  is  a  major 
effort.for  the  central  management  or¬ 
ganization.  Morevover,  in  view^  of  the 
plan  to  parallel  the  research  and  de¬ 
velopment  with  production  planning 
and  complete  operational  implemen¬ 
tation,  a  large  amount  of  the  central 
management’s  internal  activities  have 
to  do  with  interactions  among  the 
technical,  operational  and  procure¬ 
ment  aspects. 

Technicid  Aspects 

Now  leaving  management,  let  me 
say  a  few  words  about  the  technical 
aspects  of  our  program — first,  with 
regard  to  previous  Air  Force  devel¬ 
opment  programs.  Roughly  speak¬ 
ing,  the  counterpart,  in  the  sense  of 
a  previous  technical  step,  can  gen¬ 
erally  be  found  spread  over  the  en¬ 
tire  guided  missile,  aircraft  and  elec¬ 
tronics  art.  Thus,  a  ground  radar 
that  had  nothing  to  do  with  guided 
missiles  in  the  past  has  furnished  a 
basis  for  an  extension  for  some  of 
the  ICBM  system.  Something  similar 
can  be  said  with  regard  to  the  ground 
computers.  Some  of  the  techniques 
and  components  came  out  of  aircraft, 
others  out  of  short-range  ballistic 
missiles,  and  still  others  from  sur- 
face-to-air  and  even  air-to-air  mis¬ 
siles. 

In  making  the  major  technical  de¬ 
cisions,  a  notable  effort  was  made  to 
bring  in  the  experience  of  all  of  the 
leaders  of  the  guided  missile  and  as¬ 
sociated  art.  As  an  example,  for  the 
testing  plan,  experts  from  earlier  pro¬ 
grams  either  joined  the  present  one 
or  were  brought  into  the  key  discus¬ 
sions.  Some  believed  that  the  best 
way  to  move  Tapidly  was  to  analyze 
every  test  completed  and  to  use  all 
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the  results  to  make  improvements  be¬ 
fore  attempting  a  next  test.  Others 
argued  that  without  a  set  of  tests  that 
would  provide  statistical  and  con¬ 
firming  evidence  of  faults,  no  solid 
progress  could  be  made.  Many  had 
experienced  their  worst  problems  in 
the  past  when  they  tried  to  repro¬ 
duce  results  and  wanted  special  em¬ 
phasis  on  catering  to  the  fabrication 
and  assembly  problems  from  the  out¬ 
set.  Others  felt  substantial  redesign 
could  be  tolerated.  Judgment  as  to 
technical  risk  in  skipping  steps  to 
save  time  varied,  of  course,  but  we 
had  the  assistance  of  most  of  the  ex¬ 
perts  and  the  facts  of  the  past.  All 
of  these  past  experiences  naturally 
had  to  be  interpreted  in  the  light  of 
our  own  specific  problems.  We  final¬ 
ly  decided  on  a  test  philosophy  which 
carefully  considered  the  transition 
to  production  and  the  attainment  of 
reliability. 

A  single  or  a  few  shots  of  a  mis¬ 
sile,  built  breadboard  fashion  by  its 
inventors  in  a  closely  supervised 
model  shop,  may  be  a  satisfactory 
approach  to  illustrate  a  principle. 
However,  in  our  guided  missile  de¬ 
velopment,  the  step  being  taken  from 
the  technical  standpoint  is  essentially 
beyond  question  as  to  its  scientific 
basis.  The  key  problem  is  to  so  or¬ 
ganize  the  program  as  to  assure  the 
efficient  working  out  of  all  of  the  en¬ 
gineering  details  (some  by  theory  and 
some  by  experiment),  the  attainment 
of  reliability  through  a  great  deal  of 
testing,  and  an  industrial  capability  to 
reproduce  the  results  in  the  quanti¬ 
ties  required  for  a  military  force. 

Therefore,  we  have  held  upper¬ 
most  in  our  planning  that  produc¬ 
tion  and  operational  capability  are 
the  real  end  goals  of  the  develop¬ 
ment. 

Reliability 

Now  a  word  about  reliability.  In 
the  past,  reliability  considerations 
have  not  been  in  the  foreground 
often  enough.  Clearly,  a  complete 
guided  missile  system  cannot  be  very 
useful  in  a  national  emergency  if  it 
is  likely  to  fail  in  some  important  re¬ 
spect  more  than  a  small  fraction  of 
the  time.  But  the  complete  system 
consists  of  many  major  subsystems, 
including  of  course  much  more  than 
the  flying  vehicle  itself.'  Suppose  we 
ask  for  a  modest  50  per  cent  chance 
that  the  complete  system  trial  will 
occur  without  a  malfunction  of  some 
major  subsystem  such  as  the  power 
plant,  the  structure,  the  guidance  sub¬ 
system  or  the  ground  equipment. 
For  simplicity,  suppose  there  are  five 


or  six  of  these  main  subsystem  ele¬ 
ments.  Then,  to  have  a  50  per  cent 
chance  for  a  completely  successful 
flight,  each  of  these  subsystems  must 
be  counted  on  for  roughly  a  90  per 
cent  chance  of  operating  perfectly. 
But  each  of  these  subsystems  itself 
consists  of  hundreds  of  critical  com¬ 
ponents,  which  must  then  have  an 
average  reliability  during  flight  in 
the  99.9  per  cent  region,  with  a  fail¬ 
ure  of  only  one  in  a  thousand.  Even 
if  each  of  these  components  is  labora¬ 
tory  tested,  improved  and  retested 
innumerable  times,  this  must  be  fol¬ 
lowed  by  systems  testing  to  determine 
the  interactions  of  one  component  on^ 
another  when  working  together.  And! 
then,  finally,  a  flight  test  will  expose 
the  possible  reduced  reliability  owing 
to  the  environment  and  unknowns  in 
the  actual  flight  that  no  prior  simu¬ 
lation  or  analysis  can  dependably 
reveal. 

Typically,  flights  of  guided  missiles 
are  measured  in  minutes.  A  flight 
test  program,  especially  in  its  earlier 
stages,  reveals  only  fragments  of  data 
for  various  parts  of  the  complete  tra¬ 
jectory.  Hundreds  of  flights  may  be 
needed  to  accumulate  a  single  hour  of 
operating  experience.  It  is  apparent 
that  the  attainment  and  the  proof  of 
reliability  cannot  rely  alone  on  flight 
test,  because  of  the  enormous  ex¬ 
pense  and  the  relatively  small  amount 
of  data  obtained.  Wherever  possible, 
all  subsystems  must  be  brought  to  a 
high  reliability  by  testing  on  the 
ground. 

This  does  not  mean  that  the  first 
flight  test  should  be  delayed  until 
testing  on  the  ground  has  caused  all 
elements  to  reach  a  stage  of  reli¬ 
ability  where  nothing  remains  but  the 
final  interactions  in  the  operating  en¬ 
vironment.  Flight  testing  in  its  initial 
stages  obviously  is  carried  out,  not  for 
the  purpose  of  exhibitions,  but;  to 
uncover  interaction  and  flight  en¬ 
vironmental  problems  as  early  as  pos¬ 
sible,  even  with  the  virtual  certainty 
that  the  first  flight  tests  will  be  handi¬ 
capped  by  unreliability  of  compo¬ 
nents.  Thus,  the  final  “ground”  de¬ 
velopment  of  all  subsystems  and  cojh- 
ponents  for  the  goal  of  a  successful 
operational  flight  depends  partially 
on  the  results  of  earlier  imperfect 
flights.  Complete  systems  tests,  in¬ 
cluding  missile  launchings,  constitute 
the  only  way  ultimately  to  completely 
confirm  the  soundness  of  the  system 
design. 

Another  factor  in  achieving  re¬ 
liability  is  hardware  requirements. 
Programs  of  the  past  have  gener¬ 
ally  lacked  sufficient  hardware  to 
make  possible  any  satisfactory  ap¬ 


proach  toward  reliability  testing. 
Planning  the  amount  of  hardware 
for  each  stage  of  the  program,  from 
the  begining  of  component  develop¬ 
ment  and  reliability  check-out 
through  to  final  systems  testing  and 
initial  operational  capability  for  mil¬ 
itary  use,  is  a  major  factor  in  set¬ 
ting  up  a  good  missile  development 
program.  We  think  we  have  this  in 
hand. 

Another  vital  ingredient  is  facili¬ 
ties.  There  is  probably  no  character¬ 
istic  of  major  weapon  systems  pro¬ 
grams  that  has  so  often  in  the  past 
been  the  determining  factor  in  the 
speed  and  efficiency  of  development 
than  the  facilities  program.  The  ten¬ 
dency  all  too  often  is  to  fail  to  in¬ 
clude  the  needed  facilities,  or  to  un¬ 
derestimate  the  lead  time  required 
and  the  technical  difficulties  of  such 
facilities  programs.  Major  facilities 
acquisition  also  involves  difficult  ar¬ 
rangement-making  problems  between 
various  government  agencies  and  be¬ 
tween  such  agencies  and  industrial 
contractors.  Recognition  of  the  size, 
scope,  and  complexity  of  facilities 
problems  is  a  prime  requirement  for 
the  successful  execution  of  a  major 
weapon  systems  program. 

Summarization 

In  summary,  I  wish  to  emphasize 
the  key  elements  of  thought  con¬ 
tained  in  my  previous  statements. 
These  cqncern  the  general  orienta¬ 
tion  of  policy  and  planning  which 
I  recommend  to  firms  or  groups  in¬ 
terested  in  contributing  to  that  por¬ 
tion  of  national  defense  connected 
with  modern  weapons  such  as  bal¬ 
listic  missiles  and  supersonic  aircraft. 
These  contribute  to  careful  planning 
with  emphasis  upon  over-all  weapon 
systems  rather  than  upon  specialized 
functions  of  the  “ivory  tower”  type. 
The  elements  themselves  are:  care¬ 
fully  directed  fundamental  research; 
teamwork  as  expressed  by  ability  to 
see  over  boundaries  and  comprehend 
problems  in  other  areas  such  as  aero¬ 
dynamics,  propulsion,  etc.;  sound 
management  and  economics,  plus 
imagination. 

A  small  but  well  informed  and 
highly  imaginative  planning  group 
in  each  case  can  assist  in  “crystal 
ball  gazing”  to  tie  together  such 
seemingly  diverse  elements  as  eco¬ 
nomic,  over-all  military  policy,  tac¬ 
tical  usage,  training,  production  and' 
maximum  use  of  the  most  advanced 
technology  the  state  of  the  art  al¬ 
lows.  I  also  hope  that  my  few  obser¬ 
vations  on  the  ballistic  missile  pro¬ 
gram  have  been  informative. 
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TELETYPE  MARKS 


Early  type  page  printer 
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YEARS  OF 


PROGRESS 


Progress,  1907  style,  was  built  into  our  very  first 
product  here  at  Teletype— the  first  really  prac¬ 
tical  telegraph  printer. 

Today,  Teletype  equipment— handling  both 
text  and  punched  tape— is  sparking  progress  in 
military  communications  all  over  the  globe  .  .  . 
working  dependably  in  the  toughest  climates 
and  roughest  conditions  imaginable. 

Take  the  Model  28  Printer,  for  instance.  Its 
high  speed  operation— 100  words  per  minute- 
helps  keep  military  information  flowing 
smoothly.  Yet  it  requires  little  maintenance— 
the  lubrication  interval  at  100  wpm  is  1,500 
hours  of  operation.  The  reliable  service  of  the 
Model  28  Printer  is  only  one  example  of  how 
Teletype  aids  our  nations  military  forces  — in 
peace  as  in  war. 

If  you  would  like  a  copy  of  our  informative 
booklet,  “The  ABCs  of  Teletype  Equipment,” 
write  to  Teletype  Corporation,  Dept.  S12,  4100 
Fullerton  Avenue,  Chicago  39,  Illinois. 
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RADIO 


PROPAGATION 


laboratory 


by  Dr.  Frederick  H.  Brown,  Director, 


Boulder  Labs. 


X  HREE  YEARS  AGO,  THE  National 
Bureau  of  Standards  (NBS)  opened 
a  new  multi-million  dollar  radio  re¬ 
search  center  in  Boulder,  Colorado, 
next  door  to  the  University  of  Colo¬ 
rado.  Located  at  the  foot  of  the 
Rockies,  this  western  laboratory  is  in 
an  uncongested  area  ideal  for  radio 
propagation  experiments.  Here  the 
climate  allows  year-round  field  work, 
and  the  varied  terrain  makes  it  possi¬ 
ble  to  study  the  effects  of  many  dif¬ 
ferent  land  formations  on  the  propa¬ 
gation  of  radio  waves. 

A  primary  impetus  for  establish¬ 
ing  the  new  laboratory  was  the 
growing  need  for  accurate  informa¬ 
tion  on  the  characteristics  of  radio 
waves  over  a  wide  range  of  frequen¬ 
cies  and  under  many  diverse  condi¬ 
tions.  TTie  remarkable  technological 
developments  of  recent  years  have 
greatly  expanded  the  frequency  spec¬ 
trum  available  for  communications, 
so  that  equipments  now  function  at 
frequencies  up  to  100,000  megacycles. 
At  the  same  time,  the  available  radio 
space  has  been  increasingly  utilized 
by  commerce,  industry,  science  and 
the  Armed  Services.  Radio  propaga¬ 
tion  data  has  thus  become  of  vital 
importance  in  such  fields  as  global 
aviation,  all-weather  shipping  and 
harbor  control,  frequency  allocations 
and  world-wide  communications. 

The  NBS  radio  research  center  at 
Boulder  consists  of  two  laboratories 
—  the  Central  Radio  Propagation 
Laboratory  (CRPL)  and  the  Radio 
Standards  Laboratory  (which  pro¬ 
vides  standards  for  electric  quantities 
at  radio  and  microwave  frequencies). 

CRPL  originated  in  the  Interservice 
Radio  Propagation  Laboratory,  which 
the  Combined  Chiefs  of  Staff  (U.  S. 
Armed  Forces)  established  at  NBS 
in  the  spring  of  1942.  During  World 
War  II,  this  laboratory  provided  the 
Armed  Services  with  valuable  infor¬ 
mation  on  radio  propagation  condi¬ 
tions.  Now  CRPL  has  primary  re¬ 
sponsibility  within  the  nation  for  col¬ 
lecting,  analyzing  and  disseminating 
data  and  information  on  radio  propa¬ 
gation.  To  carry  out  this  responsi¬ 
bility,  the  laboratory  at  Boulder  con¬ 
ducts  research  on  the  fundamental 
nature  of  radio  waves,  the  basic 
theories  of  radio-wave  propagation 
and  the  characteristics  of  radio  ener¬ 
gy  under  widely  varying  conditions. 

It  operates  a  network  of  field  stations 
from  the  arctic  to  the  tropics,  and 
exchanges  data  with  other  radio  re¬ 
search  laboratories  throughout  the 
world.  Within  the  Central  Radio 
Propagation  Laboratory  are  two  di¬ 
visions — Radio  Propagation  Physics 
and  Radio  Propagation  Engineering. 


The  Radio  Propagation  Physics 
program  involves  studies  of  radio¬ 
wave  propagation  over  long  distances 
via  the  ionized  regions  of  the  earth’s 
outer  atmosphere,  which  are  known 
collectively  as  the  ionosphere.  The 
program  includes:  (1)  basic  research 
on  upper  atmosphere  physics,  on  the 
formation  and  disturbances  of  the 
ionosphere  and  on  the  interaction  of 
radio  waves  with  the  ionization;.- (2) 
study  of  the  characteristics  of  spe¬ 
cific  propagation  mechanisms  such 
as  ionospheric  reflection,  ionospheric 
scattering  and  guided  mode  propaga¬ 
tion,  and  (3)  regular  service  as^in 
the  prediction  of  long-term  changes 
in  useful  frequencies  for  communi¬ 
cation,  in  the  warning  of  short-term 
disturbances  to  communication  and 
in  the  collection  and  distribution  of 
ionospheric  and  solar  data  on  a  na¬ 
tional  and  international  basis. 

One  phenomenon  of  the  upper  at¬ 
mosphere  being  studied  in  the  radio 
physics  division  is  airglow,  a  faint 
illumination  normally  not  visible  to 
the  naked  eye  but  always  present  at 
a  height  of  about  60  miles.  It  is 
caused  by  radiation  from  atoms  and 


molecules  excited  by  solar  energy. 

To  measure  airglow,  the  Bureau 
developed  a  telescopic  photometer 
which  has  improved  spectral  resolu¬ 
tion  and  gives  a  more  rapid  sky  cov¬ 
erage  than  was  hitherto  available.  It 
is  arranged  to  scan  the  sky  repeated¬ 
ly  and  automatically  and  to  record 
the  observed  intensity  within  narrow 
spectral  bands.  Filters  exclude  back¬ 
ground  radiation  from  space  and  al¬ 
low  only  the  airglow  colors  to  be 
recorded — red  and  green  emitted  by 
oxygen  atoms,  yellow  emitted  by 
sodium  atoms  and  infra-red  emitted 
by  OH  radicals.  The  incoming  radia¬ 
tion  is  translated  into  an  electric 
current  by  a  photoelectric  cell.  The 
current  is  amplified  and  then  re¬ 
corded  through  an  inked  pen  attached 
to  a  recording  galvanometer.  Analy¬ 
sis  of  the  records  has  been  accelerated 
by  the  use  of  punched-card  and  elec¬ 
tronic-computer  techniques. 

By  correlating  airglow  data  gath¬ 
ered  from  a  network  of  field  stations 
with  other  kinds  of  upper  atmosphere 
studies,  CRPL  hopes  to  gain  more 
definite  information  about  the  com¬ 
position,  temperature  and  behavior 
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of  the  ionosphere.  Some  of  the  other 
studies  include  theoretical  investiga¬ 
tions  and  instrumental  observations 
of  the  complex  motions  which  the 
ionosphere  undergoes  as  a  result  of 
solar  heating  and  lunar  and  solar 
gra'dtational  tidal  forces. 

At  many  radio  sounding  stations 
throughout  the  world,  detailed  obser¬ 
vations  of  the  ionosphere  are  made 
with  specially  designed  instruments. 
At  the  present  time,  22  of  these  sta¬ 
tions  are  being  operated  either  by 
the  Boulder  Laboratories  or  by  other 
Federal  agencies,  foreign  govern¬ 
ments  and  universities  working  in 
cooperation  with  the  Boulder  Labora¬ 
tories.  Several  of  these  stations  have 
been  established  to  participate  in  the 
International  Geophysical  Year. 

^  Much  information  is  being  gath¬ 
ered  on  the  height  and  density  of  the 
layers  of  the  ionosphere  through 
vertical  incidence  methods.  With  an 
ionosonde,  radio  pulses  of  various 
frequencies  are  beamed  at  the  ionized 
layers  and  the  time  interval  between 
the  emitted  signal  and  its  echo  is 
measured. 

Predictions  of  maximum  usable 
frequency  are  usually  based  on  iono¬ 
sonde  data.  However,  it  has  been 
discovered  that  communication  often 
takes  place  at  frequencies  somewhat 
higher  than  indicated  by  existing 
theory  based  on  vertical  incidence 
studies.  This  type  of  communica¬ 
tion  apparently  occurs  when  some  of 
the  higher  frequency  radio  waves 
strike  the  ionosphere  and  reflect 
obliquely  over  long  distances.  So, 
oblique  incidence  is  now  being  stud¬ 
ied  in  relation  to  the  vertical  inci¬ 
dence. 

In  the  Arctic,  the  Boulder  Labora¬ 
tories  are  investigating  the  intensity 
of  radio  waves  propagated  via  the 
ionosphere  in  the  region  near  the 
visual  auroral  zone,  where  radio 
waves  tend  to  be  absorbed  instead  of 
reflected.  Information  on  this  phe¬ 
nomenon  is  essential  if  reliable  radio 
communication  paths  are  to  be  main¬ 
tained  from  points  in  the  United 
States  to  Europe  and  Asia. 

Ionospheric  Scattering 

By  means  of  a  very  long  antenna 
suspended  across  a  nearby  canyon, 
NBS  scientists  are  transmitting  low 
frequency  signals  directly  upward  to 
the  ionosphere  and  studying  the  dif¬ 
ferent  modes  of  reflection  present 
uniquely  at  low  frequencies. 

Since  1951,  the  Bureau  has  pio¬ 
neered  in  the  study  and  use  of  a 
mechanism  of  radio  |)ropagation  via 
the  ionosphere  called  “regular  iono¬ 
spheric  scattering.’*  By  this  mecha¬ 


nism,  radio  energy  is  scattered  when 
it  strikes  irregularities  in  the  iono¬ 
sphere.  These  signals  are  remarkably 
dependable,  actually  tending  to  be  en¬ 
hanced  at  times  when  ionospheric 
disturbances  completely  disrupt  regu¬ 
lar  radio  communications. 

The  study  of  ionospheric  scatter¬ 
ing  requires  specialized  receiving 
equipment,  a  powerful  transmitter 
and  large  antennas.  Experimental  in¬ 
stallations  have  been  set  up  over 
paths  within  the  United  States  and  in 
Alaska,  between  Newfoundland  and 
the  Azores,  and  elsewhere  in  the 
Northern  Hemisphere.  From  experi¬ 
ments  conducted  at  these  locations, 
NBS  has  found  that  scatter  effects 
vary  with  latitude.  For  instance,  the 
median  power  transmitted  over  a 
standard  path  in  arctic  and  sub-arctic 
latitudes  is  about  ten  times  stronger 
than  that  propagated  over  a  similar 
path  at  temperate  latitudes.  The  sig¬ 
nal  also  varies  with  time  of  day  and 
year. 

The  Boulder  Laboratories  now^ 
is  extending  its  research  program  to 
study  ionospheric  scatter  in  a  geo¬ 
graphical  area  where  the  mid-point 
of  the  path  will  be  nearly  at  the  geo¬ 
magnetic  equator.  As  part  of  this 
research,  seven  stations  have  been  set 
up  in  South  America  in  conjunction 
with  the  International  Geophysical 
Year  program. 

Research  in  this  field  is  expected 
to  provide  information  on  heights  at 
which  scattering  occurs,  dependence 
of  signal-strength  on  the  transmission 
frequency  and  the  scattering  angle, 
relative  contributions  to  the  scatter 
signal  from  meteoric  ionization  and 
atmospheric  ionization  due  to  solar 
radiation,  and  effect  of  the  earth’s 
magnetic  field  on  scattering. 

Investigation  of  ionospheric  scat¬ 
ter  has  led  to  an  increased  emphasis 
on  antenna  research  which  has  now 
become  an  important  part  of  the  NBS 
program.  The  work  on  very-high- 
gain  antennas  has  become  particular¬ 
ly  important  in  connection  with 
ionospheric  scatter  communication. 

A  challenging  study  is  also  being 
made  of  Sporadic-E.  Sporadic-E  re¬ 
flections  are  apparently  the  result  of 
electron  or  ion  clouds  in  the  E  layer 
of  the  ionosphere.  These  clouds  are 
of  varying  sizes  and  drift  through 
space  so  that  the  phenomenon  seems 
to  come  and  go.  In  certain  latitudes, 
it  seems  to  be  related  to  scattering 
and  in  others  its  seems  to  result  from 
a  combination  of  factors  including 
reflection.  Sporadic-E  is  responsible, 
for  instance,  for  low-band  television 
signals  being  sporadically  transmitted 
over  amazingly  long  distances.  In 


particular,  scientists  wish  to  know 
the  frequency  dependence,  the  asso¬ 
ciation  of  vertical-incidence  Sporadic- 
E  with  that  seen  on  the  oblique  in¬ 
cidence  paths,  and  the  association  of 
Sporadic-E  with  regular  ionospheric 
scatter. 

In  the  field  of  radio  astronomy, 
much  is  learned  about  the  earth’s 
ionosphere  by  observing  how  it  af¬ 
fects  radio-star  energy  which  passes 
through  it.  Also,  by  studying  radio 
emissions  from  the  planet  Jupiter, 
information  is  gathered  on  this 
planet’s  ionosphere  which  by  com¬ 
parison  can  lead  to  a  more  precise 
knowledge  about  the  earth’s  ionized 
upper  atmosphere. 

Action  of  solar-  and  cosmic-radio 
waves  is  observed  daily  with  radio 
telescopes,  and  from  an  analysis  of 
automatically  recorded  data  comes 
information  of  benefit  to  the  radio 
prediction  services  as  well  as  to  the 
basic  study  of  the  sun. 

Also  under  study  are  the  tremen¬ 
dously  long  paths  traced  by  whist¬ 
lers  —  radio  energy  that  originates 
from  lightning  discharges  penetrates 
the  lower  ionized  layers  and  follows 
the  earth’s  magnetic  lines  of  force  at 
heights  up  to  25,000  miles  to  arrive 
in  the  opposite  hemisphere. 

When  better  understood,  whistlers 
may  provide  means  of  gathering 
some  kinds  of  information  on  space 
nearly  100  times  farther  away  from 
earth  than  the  IGY  satellite  will  trav¬ 
el.  It  is  conceivable  that  the  ivhistler 
path  may  some  day  be  used  for  di¬ 
rect  communication  between  two 
points  in  opposite  hemispheres. 

Prediction  Services 

During  the  years  since  it  was  es¬ 
tablished,  the  NBS  service  of  issuing 
radio  propagation  predictions  three 
months  in  advance  has  proved  inval¬ 
uable  to  radio  equipment  manufac¬ 
turers  and  to  communication  agen¬ 
cies  for  frequency  allocation  and  ef¬ 
ficient  frequency  usage. 

Of  great  benefits  also  have  been 
the  short-term  forecasts  of  possible 
disturbances  in  the  ionosphere  which 
might  affect  communication.  To  gath¬ 
er  this  information,  the  Bureau  co¬ 
operates  closely  with  solar  observa¬ 
tories  throughout  the  world. 

The  Radio  Propagation  Engineer¬ 
ing  Laboratory  is  largely  concerned 
with  studying  the  characteristics  of 
radio  waves  propagated  throu^  the 
troposphere  and  with  the  meteoro¬ 
logical  and  other  conditions  that  af¬ 
fect  such  propagation.  It  also  con¬ 
ducts  applied  research  on  radio-wave 

(Continued  on  page  12) 
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TOP  NAME  IN  TROPO  SCATTER 


Detailed  information  and  technical  data  on  the 
tropospheric  scatter  radio  equipment  for  four  major 
projects  has  recently  been  published  by  REL. 

Entitled  Top  name  in  trope  scatter,  this  manual 
describes  the  radio  apparatus  developed  and 
manufactured  by  RE  L  for  the  first  major  project, 
Polevault;  for  the  largest.  White  Alice;  for 
AN/FRC-39;  and  for  the  Texas  Towers, 
AN/FRC-56. 

If  yoq  have  a  specialized  interest  in  this  field,  a  free 
copy  Is  yours  for  the  asking  from  REL,  world  leader 
in  tropo  scatter  equipment. 


Creative  careers  at  REL  await  a  few  exceptional  engineers, 
Address  resumes  to  James  W.  Kelly,  Personnel  Director, 


A  subsidiary  of  Dynamics  Corporation  of  America 

29-01  Borden  Ave  •  Long  Island  City  1,  N  Y 

STillwell  6-2100  -  Teletype:  NY  4-2816 

AHEARN  &  SOPER  CO  •  384  BANK  ST  •  OTTAWA 


Canadian  representative 
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propagation  as  it  affects  the  design 
of  radio  systems,  and  places  much 
emphasis  on  propagation  character¬ 
istics  that  limit  radio’s  effective  dis¬ 
tance  range,  the  rate  of  radio  trans¬ 
mission  of  intelligence,  and  accur¬ 
acy  of  direction-finding  and  naviga¬ 
tion  systems.  Recent  research  has 
shown  that  VHF  and  UHF  signals 
often  travel  beyond  the  line-of-sight 
radio  horizon.  This  is  due  to  a  phe¬ 
nomenon  known  as  a  tropospheric 
forward  scatter.  Theories  now  being 
developed  indicate  that,  in  this  style 
of  scatter,  the  radio  energy  is’ reflected 
over  long  distances  by  small  irregu¬ 
larities  in  the  atmosphere  caused  by 
turbulence. 

Detailed  studies  are  under  way  on 
long-distance  tropospheric  propaga¬ 
tion  and  ultra -high -frequency  com¬ 
munication  to  learn  how  they  are  af¬ 
fected  by  weather,  terrain,  antenna 
gain,  space  and  frequency  diversity, 
signal  fading  and  the  variation  of 
polarization  and  phase  due  to  propa¬ 
gation  conditions.  In  addition,  ex¬ 
perimental  studies  of  variations  in 
propagation  velocity  over  the  line-of- 
sight  transmission  paths  use  tech¬ 
niques  developed  to  measure  these 
variations  at  1,000  to  10,000  Me  with 
an  accuracy,  during  five-minute  sam¬ 
pling  periods,  of  a  few  parts  per  bil¬ 
lion. 

Atmospheric  Turbulence 

Since  atmospheric  turbulence  is 
associated  with  meteorological  condi¬ 
tions,  radio  measurements  were  made 
over  ten-mile  lengths  of  atmosphere 
under  various  conditions  of  cloud 
formation,  barometric  pressure,  air 
temperature,  relative  humidity,  wind 
velocity  and  solar  radiations.  From 
an  analysis  of  the  data,  information 
can  be  derived  about  the  physical  na¬ 
ture  of  atmospheric  turbulence  that 
is  valuable  to  designers  of  direction¬ 
finding  equipment.  Results  of  these 
studies  have  led  to  an  estimated  im¬ 
mediate  saving  of  approximately 
$50,000,000  to  the  United  States  Gov¬ 
ernment  in  application  to  radio  sys¬ 
tems. 

In  another  approach  to  the  prob¬ 
lem  of  atmospheric  turbulence,  de¬ 
tailed  measurements  have  been  made 
of  variations  in  velocity  of  radio 
waves  propagated  through  very  small 
samples  of  the  atmosphere  —  over 
paths' no  longer  than  an  inch. 

Both  military  and  commercial 
users  of  radio  need  predictions  of  the 
external  noise  level  arising  from  man¬ 
made,  atmospheric  and  galactic  radio 
noise.  They  also  need  to  know  the 
character  of  the  noise  to  evaluate  its 
effect  on  any  given  system.  An  at¬ 


mospheric  radio  noise  recorder,  de¬ 
veloped  by  the  Bureau  and  accepted 
internationally  for  use  in  a  world¬ 
wide  measurement  program,  provides 
continuous  recordings  of  the  average 
noise  power  received  on  a  standard 
antenna  at  eight  discrete  frequencies 
in  a  range  from  15  kc  per  second  to 
20  Me  per  second.  Some  of  these  re¬ 
corders  have  been  modified  to  record 
also  the  average  noise  voltage  and 
the  average  of  the  logarithm  of  the 
noise  voltage.  It  has  been  shown  that 
these  three  statistical  characteristics 
of  the  noise  provide  a  reasonably 
comprehensive  picture  of  the  physi¬ 
cal  nature  of  its  amplitude  distribu¬ 
tion. 

T heoretical  I nvesiigaiion 

Several  theoretical  investigations 
are  being  carried  out  on  very  low 
frequency  propagation.  To  interpret 
electromagnetic  radiation  from  light¬ 
ning  discharges  and  other  high  in¬ 
tensity  transient  sources,  for  instance, 

•  calculations  have  been  made  that  in¬ 
dicate  that  the  waveform  of  the  radi¬ 
ation  field  is  modified  by  diffraction 
and  loss  in  the  finitely  conducting 
ground.  Also  investigated  has  been 
the  theory  of  the  propagation  of  very 
low  frequencies  over  moderate  and 
great  distances  via  the  ionosphere. 

Aiming  at  more  reliable  .  world¬ 
wide  communication,  the  Bureau  is 
seeking  to  improve  the  efficiency  of 
very-low-frequency  ( VLF )  communi¬ 
cations  circuits  from  10  to  15  kc. 
Since  antennas  for  radiating  VLF  en¬ 
ergy  are  usually  very  large  and  in¬ 
efficient,  a  basic  study  of  design  limi¬ 
tations  of  such  antennas  is  now  in 
progress. 

Use  of  flush -mounted  antennas  is 
now  common  in  jet  aircraft  and  guid¬ 
ed  missiles.  An  anaysis  has  been 
made,  therefore,  of  the  effect  of  cov¬ 
ering  the  slot  with  a  layer  of  fabric 
or  other  dielectric.  In  the  case  of  the 
slotted  cylinder  antenna,  this  dielec¬ 
tric  coating  can  improve  the  omni-di¬ 
rectional  characteristics  which  are 
desirable  for  beacon  applications. 

To  make  optimum  use  of  the  radio 
spectrum,  it  is  necessary  to  have  not 
only  information  on  noise  and  inter¬ 
ference  charactertistics  but  also  on 
those  characteristics  of  the  carrier 
wave  that  can  be  modulated  to  trans¬ 
mit  a  message,  and  on  characteristics 
of  systems  that  modulate  or  demodu¬ 
late  carrier  waves. 

The  Bureau  has  designed  and  con¬ 
structed  equipment  to  measure  car¬ 
rier  characteristics  under  a  wide  var¬ 
iety  of  conditions.  Initial  tests  are 
now  being  made  on  HF  ionospheric 
fading  and  forward  scatter  tropos¬ 


pheric  fading  carriers.  Results  of 
these  and  other  investigations  will  be 
used  by  Bureau  engineers  to  increase 
the  accuracy  of  predicting  radio  sys¬ 
tems  performance  under  numerous 
typically  encountered  conditions. 

For  several  years  now,  the  Bureau 
has  been  investigating  precision-nav¬ 
igation  systems  that  use  low  radio 
frequencies.  Long-range  sky  wave  re¬ 
flection  of  signals  from  experimental 
navigation-type  transmitters  were 
transmitted  from  eastern  United 
States  to  Central  and  South  America. 
The  signals  were  found  to  have  a  very 
high  phase  stability,  indicating  the 
feasibility  of  a  navigation  system 
utilizing  long-range  skywaves. 

The  Bureau  has  been  investigating 
special  theories  pertinent  to  the  phase 
computation  of  the  low  frequency 
ground  waves  and  applying  the  re¬ 
sults  to  radio  navigation  systems  op¬ 
erating  in  the  range  10  kc  to  1  Me 
for  earth  conductivities  ranging  from 
zero  to  infinity.  The  vertical-lapse  ef¬ 
fect  on  the  refractivity  of  the  earth’s 
atmosphere  has  also  been  evaluated 
for  various  meteorological  conditions 
and  for  the  altitudinal  effect  of  the 
ahove-ground  receiver.  Although  this 
work  is  applied  directly  to  navigation 
systems,  it  is  primarily  basic  re¬ 
search  in  radio  propagation. 

Although  the  phase  and  amplitude 
of  ground  waves  over  complex  propa¬ 
gation  paths  cannot  be  treated  thco- 
rectically,  instrumentation  for  the  ex¬ 
act  measurement  of  these  quantities 
over  any  propagation  path  up  to  ap¬ 
proximately  100  miles  has  been  de¬ 
veloped.  This  involved  a  measuring 
system  with  advance -type  circuits 
and  automation  of  all  data  recording. 
Such  a  measurement  system  is  essen¬ 
tial  in  confirming  new  propagation 
theory.  It  is  specifically  useful  in 
practical -system  calibration  and  in 
exploration  of  complex  propagation 
paths. 

To  evaluate  the  effects  that  hills, 
trees,  mountains,  etc.,  have  on  re¬ 
ceived  field  strengths  at  television 
frequencies,  the  Bureau  is  conducting 
a  field-measurement  program  to  de¬ 
termine  the  variability  of  the  fields 
received  and  to  establish  the  number 
of  measurements  that  need  to  be 
made,  both  in  the  service  area  and  in 
the  fringe  area  of  a  television  station. 
Results  are  being  incorporated  in  a 
proposed  method  for  estimating  what 
the  service  area  of  each  television 
broadcast  station  will  be. 

During  the  past  several  years,  a 
large  quantity  of  tropospheric  propa¬ 
gation  data  has  been  obtained  in 
the  frequency  range  of  approximately 
50  through  1,000  Me,  but  only  a 
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small  amount  of  data  exists  at  higher 
frequencies.  Consequently,  the  Bu¬ 
reau  is  now  designing  a  complete 
radio  field  strength  recording  system 
to  operate  in  the  9  to  10  kmc  fre¬ 
quency  band.  It  will  be  used  to  study 
tropospheric  radio  propagation  me¬ 
chanisms  both  within  and  beyond 
the  radio  horizon. 

Also  being  studied  are  the  modu¬ 
lation  capabilities  of  long-distance 
forward  scatter  transmissions  with 
highly  directional  beam  antennas. 

Recently,  the  Bureau  evaluated  the 
propagation  conditions  which  deter¬ 
mine  the  coverage  of  the  Tacan  sys¬ 
tem  of  air  navigation  and  made  rec¬ 
ommendations  for  use  in  the  common 
system  of  air  navigation.  Results 
show  expected  service  under  a  large 
variety  of  conditions  of  channel  and 
adjacent  interference. 

These  studies  also  provide  a  basis 
for  determining  the  number  of  chan¬ 
nels  required  for  nation-wide  Tacan 
service,  an  important  consideration  in 
determining  the  feasibility  of  using 
Tacan  in  the  common  system. 

For  many  years,  the  Bureau  has 
conducted  both  basic  and  applied  re¬ 
search  into  the  uses  and  limitations  of 
radio  propagation  techniques  in  dis¬ 
tance  measuring  and  direction  find¬ 
ing  systems.  To  date,  this  work  has 
been  largely  concerned  with  measure¬ 
ments  required  in  commercial  navi¬ 
gation.  Recently,  however,  new  ap¬ 
plications,  such  as  missile  “naviga¬ 
tion”  or  guidance,  have  arisen  re¬ 
quiring  a  much  more  precise  evalua¬ 
tion  of  the  basic  physical  problems 
involved.  More  refined  instruments 
and  techniques  are  expected  to  shed 
new  light  on  these  problems. 

During  the  International  Geophysi¬ 
cal  Year,  which  began  July  I,  CRPL 
will  extend  its  program  of  research 
and  will  set  up  many  more  field  in¬ 
stallations  on  a  global  basis.  The 
Boulder  Laboratories  will  be  the  U. 
S.  Center  for  IGY  research  on  the 
ionosphere,  airglow  and  noise  levels. 
Here  will  be  located  one  of  the  three 
world-data  centers  for  collecting  and 
analyzing  data  on  the  ionosphere.  At 
Fort  Belvoir,  Va.,  there  is  an  IGY 
World  Warning  Center  which  will 
alert  observers  around  the  world  for 
expected  increases  in  geophysical  dis¬ 
turbances  so  that  observations  can  be 
intensified. 

Results  of  the  IGY  work,  when  cor¬ 
related  with  the  everyday  projects  at 
the  Boulder  Laboratories,  are  expect¬ 
ed  to  yield  a  wealth  of  information 
of  direct  benefit  to  both  the  basic 
scientific  and  the  engineering  prob¬ 
lems  of  radio  propagation. 


In  our  modern  350,000  sq.  ft. 
plant  we  can  produce  miniature 
assemblies  as  well  as  large  con¬ 
sole  requirements  on  a  produc¬ 
tion-line  basis.  Our  supporting 
engineers  enable  us  to  do  the  com¬ 
plete  job  from  design  through  fin¬ 
ished  product. 


Let  Daystrom  Instrument  assist 
you  in  meeting  your  electronic 
product  needs.  One  of  our  sales 
engineers  is  ready  to  discuss  our 
qualifications  with  you.  Write  us, 
and  he  will  call  at  your  conven- 
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CRYSTAL  FILTERS 


by  Malcolm  M.  Hubbard 


President,  Hycon  Eastern,  Inc. 


Recently,  Hycon  Eastern  revealed  design  details  and  characteristics  of  a  high  frequency  crystal  filter 
which  will  be  covered  in  detail  in  the  following  article.  This  revolutionary  electronic  device  will  enable 
designers  of  high  frequency  radio  systems  to  put  more  radio  transmitters  on  the  air  within  the  available 
frequency  spectrum,  in  addition  to  a  myriad  of  uses  as  yet  unforeseen. 


Radio  receivers  operate  on  the 
principle  of  selecting  from  a  wide 
range,  of  available  energy  some  spe¬ 
cific  bit  of  energy  containing  desired 
information.  To  accomplish  this  feat, 
designers  of  radio  communication 
systems  use  a  scheme  of  filtering. 
For  years,  filters  have  been  used  to 
cut  out,  or  do  away  with,  unwanted 
radio  energy  so  that  desired  energy 
can  be  used  effectively.  This  is  why 
home  radios  and  television  receivers 
have  several  filters  built  into  them. 
Military  radios,  in  general,  have  even 
more  filters. 

Therefore,  a  filter  may  d)e  defined 
as  an  electronic  network  of  compo¬ 
nents  which  will  allow  only  certain 
signals  to  pass  through  it.  Most  fil¬ 
ters  are  individually  designed  for  the 
specific  job  they  have  to  do.  How¬ 
ever,  there  are  certain  places  in  ra¬ 
dio,  radar  and  television  circuits 
where  the  same  type  of  filter  often 
turns  out  to  be  necessary.  This  is 
why  manufacturers  of  radio  and  elec¬ 
tronic  devices  have  standarized  cer¬ 
tain  filter  types.  Up  to  now,  most  of 
these  standard  filters  have  been  made 
of  coils  and  condensers. 

Nature  has  arranged  things  in  such 
a  way  that  it  is  easier  to  turn  a  sharp 
corner  ^when  there  is  less  resistance 
to  tufning.  In  the  case  of  filters, 
sharp  corners  are  the  desired  end 
product.  Abrupt  changes  in  response 
to  signals  of  different  frequencies  is 
what  designers  try  to  achieve  in  a 
filter.  The  less  resistance  an  element 
has,  the  easier  it  is  to  bring  about 


abrupt  changes  in  response.  Quartz, 
which  is  an  extremely  stable  crystal 
substance,  has  the  fortunate  charac¬ 
teristic  of  possessing  very  little  resis¬ 
tance  to-uibration  at  certain  discrete 
frequencies.  The  frequency  at  which 
any  particular  piece  of  quartz  crystal 
will  vibrate  without  much  resistance 
is  dependent  upon  the  dimensions  of 
the  crystal  and  mounting  techniques. 
In  general,  a  given  piece  of  quartz 
crystal  will  vibrate  easily  at  one  spe¬ 
cific  frequency,  but  will  not  tend  to 
vibrate  at  all  at  any  other  frequency. 
This  fact  is  the  key  to  filters  made 
of  quartz  crystals. 

Crystal  filters  do  the  same  basic 
job  as  long-standing  conventional 
filters,  but  they  do  the  job  much  bet¬ 
ter,  especially  at  high  frequencies. 
In  addition,  crystal  filters  make  pos¬ 
sible  the  design  of  new  types  of 
equipment  never  before  possible. 

Single  sideband  radio  equipment 
makes  particularly  good  use  of  crys¬ 
tal  filters.  In  single  sideband  trans¬ 
mission,  effectively,  half  of  each  radio 
signal  is  filtered  out  at  the  transmit¬ 
ter  and  then  later  reinserted  at  the 
receiver  bv  electronic  means.  The 
very  nature  of  a  single  sideband  sys¬ 
tem  makes  a  good  filter  the  heart  of 
the  system. 

Crystal  filters  are  desirable  for 
high  frequency  single  sideband  sys¬ 
tems  because  a  crystal  filter  has  an 
inherently  sharper  rejection  ability 
than  other  types  of  filters.  Use  of 
crystal  filters  in  a  radio  receiver,  es¬ 
pecially  at  frequencies  above  conven¬ 


tional  home  radio  bands,  makes  pos¬ 
sible  the  design  of  a  simpler  radio 
set  than  is  feasible  with  conventional 
filters  made  of  coils  and  condensers. 

For  any  communication  or  navi- 
gation  system  where  it  is  necessary 
or  desirable  to  transmit  and  receive 
a  narrow  band  of  information,  the 
job  can  be  done  better  using  a  crys¬ 
tal  filter  than  any  other  type  of  com¬ 
mercially  available  filter.  In  many 
instances  the  use  of  such  a  filter  rep¬ 
resents  the  only  way  to  do  a  given 
job  using  standard,  commercially 
available  parts. 

There  are,  in  general,  three  types 
of  filters  commercially  available. 
These  are:  (I)  LC  Filters;  (2)  Me¬ 
chanical  Filters  and  now  (3)  Crystal 
Filters. 

LC  filters  are  networks  made  up 
of  coils  and  condensers;  they  repre¬ 
sent  the  most  conventional  approach 
to  making  filters  which  electronics  de¬ 
signers  have  used  in  the  pastr  Me¬ 
chanical  filters  make  use  of  vibrat¬ 
ing  metal  structures  to  filter  out  un¬ 
desirable  signals  which  have  been 
transformed  to  vibrations.  The  new¬ 
est  and  best  type  of  filter,  the  crystal 
filter,  makes  use  of  networks  of  tiny 
quartz  crystals. 

High  frequency  quartz  crystal  fil¬ 
ters  are  smaller,  more  reliable,  do  a 
better  job  of  filtering  and  are  sim¬ 
pler  than  their  counterparts  made  of 
coil  and  condensers  or  mechanical 
structures. 

V 
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U.  S.  Army  Photo 


Night  mobility  and  combat  power  are  provided  for  both  men  and  tanks  by  infrared  devices  developed  by  ERDL. 


ENGINEER  RESEARCH  AND  DEVELOPMENT  LABORATORIES 
AT  FORT  BELVOIR  FURTHER  SCIENCE  OF  MOBILITY 


Mobility  is  a  byword  at  the  Engineer  Research  and 
Development  Laboratories,  the  principal  military 
R  &  D  center  of  the  Corps  of  Engineers,  U.  S.  Army. 
Work  in  seventeen  fields  of  endeavor  is  aimed  at  fur¬ 
thering  the  mobility  of  our  forces,  and  impeding  the 
movement  of  the  enemy.  These  fields  are:  bridging 
and  stream  crossing,  cover  and  concealment,  con¬ 
struction  and  maintenance  equipment,  infrared,  liquid 
fuels  distribution,  mapping  and  geodesy,  materials, 
mine  warfare  and  demolitions,  buildings,  processing 
and  packaging,  water  supply  and  sanitation,  special 
weapons  and  general  engineering. 

About  1,500  civilians,  50  officers  and  200  enlisted 
men  work  at  the  Laboratories.  An  800-acre  proving 
ground  provides  facilities  for  testing  earthmoving, 
firefighting  and  illumination  equipment,  obstacles  and 
demolitions,  and  mine  warfare  items.  Environmental 
testing  under  arctic,  desert,  and  tropical  conditions  is 
accomplished  by  detachments  of  Fort  Churchill,  Can¬ 


ada;  Yuma,  Arizona;  and  in  Panama,  respectively. 
Facilities  in  Greenland  are  employed  for  operational 
testing  of  construction  and  navigation  equipment  for 
ice  cap  requirements.  At  Prince,  West  Virginia,  there 
are  facilities  for  bridge  testing.  A  branch  at  Wright- 
Patterson  Field,  Ohio,  coordinates  ERDL  and  Air 
Force  aerial  photographic  activities. 

Typical  of  ERDL’s  work  are  target  location  systems 
and  equipment  being  created  by  its  Topographic 
Engineering  Department— where  means  of  accurately 
locating  the  enemy  by  use  of  drones  and  many  other 
techniques  are  under  constant  development.  In  other 
departments,  vehicular  navigational  systems,  con¬ 
struction  equipment  capable  of  being  air-dropped, 
and  mobile  assault  bridges  are  being  developed,  and 
the  effects  of  atomic  weapons  are  being  determined. 
Many  hundreds  of  other  projects  are  under  way  at 
ERDL,  helping  to  keep  the  Army  of  the  United  States 
second  to  none. 


'rliis  is  one  of  a  scries  of  ads  on  the  t(‘elinieal 
aefi\ities  of  the  Dc'partineiit  of  l)et(“nse. 


FORD  INSTRUMENT  CO. 

DIVISION  OF  SPERRY  RAND  CORPORATION 
31-10  Thomson  Avenue,  Long  Island  City  1,  New  York 
'  Beverly  Hills,  Cal.  *  Dayton,  Ohio 


Technicians  at  Ford  Instrument  assem¬ 
bling  components  for  vehicular  navi¬ 
gational  computers  being  developed 
under  on  ERDL  contract. 
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Crystal  filters  make  use  of  several 
wafers  of  quartz,  usually  eitoer  two, 
four  or  eight.  The  wafers,  or  indi¬ 
vidual  .crystals,  are  arranged  in  a  lat¬ 
tice  or  bridge  network  configuration 
so  that  the  entire  network  has  cer¬ 
tain  desired  characteristics.  The  char¬ 
acteristics  desired  and  achieved  in 
the  filters  are  as  follows. 

Consider  an  antenna  normally  con¬ 
nected  to  a  radio  receiver.  This  an¬ 
tenna  is  susceptible  to  a  considerable 
portion  of  the  radio  energy  passing 
by  it.  However,  the  radio  receiver  is 
only  useful  to  the  listener  if  some  in¬ 
telligible  information  emanates  from 
it.  If  all  the  information  contained 
in  all  the  radio  frequencies  (to  which 
the  antenna  is  sensitive)  were  si¬ 
multaneously  presented  to  the  listener, 
the  result  would  be  a  garbled  hodge¬ 
podge  of  noise,  with  essentially  no 
intelligible  information  resulting.  So, 
the  receiver  is  “tuned”  to  a  narrow 
range  of  frequencies  which  contain 
only  the  information  desired  at  one 
particular  time. 

Unfortunately,  speech  cannot  be 
transmitted  via  radio  on  one  single 
frequency.  So,  it  is  general  practice 
to  tune  a  receiver  to  a  specific  fre¬ 
quency  (the  one  read  on  the  dial) 
and  which  allows  the  receiver  to  pick 
up  signals  close  to  the  dial  frequency. 
Normally,  the  signals  picked  up,  or 
detected,  are  equally  spaced  on  both 
sides  of  the  dial  frequency.  The  re¬ 
sulting  information  which  comes  out 
of  the  loudspeaker  is  therefore  a 
summation  of  information  contained 
in  a  band  of  frequencies.  The  center 
of  the  band  is  the  frequency  to  which 
the  radio  receiver  is  tuned.  This  fre¬ 
quency  is  normally  referred  to  as 
the  center  frequency  of  a  station. 
The  band  of  frequencies  over  which 
intelligible  information  is  transmitted 
is  called  just  that,  a  frequency  band. 

I  In  the  case  of  home  radio  receivers, 
this  band  is  a  few  thousand  cycles 
in  width.) 

Frequency  Receiving 

An  essential  part  of  a  radio  receiv¬ 
er,  therefore,  is  a  filter  which  will 
discriminate  against  all  other  fre¬ 
quencies,  exclusive  of  the  frequency 
band  of  the  station  being  received. 
Crystal  filters  are  designed  to  make 
the  receiver  extremely  receptive  to 
the  frequency  band  desired,  and  at 
the  same^time  extremely  non-recep- 
tive  to  unwanted  frequencies  outside 
the  band. 

CommuLnication  systems  more  so¬ 
phisticated  than  home  radios  vary 
the  basic  theme  somewhat.  Since  the 
range  of  frequencies  available  in  na¬ 
ture  is  necessarilv  limited  and  since 


more  and  more  people  continually 
want  to  get  on  the  air  with  informa¬ 
tion,  many  schemes  have  been  ad¬ 
vanced  to  make  better  use  of  a  given 
finite  band  width  of  frequencies.  One 
of  the  better  schemes  is  single  side¬ 
band  transmission  in  which  half  the 
frequencies  are  arbitrarily  filtered 
out  and  thrown  away.  This  leaves  the 
omitted  frequency  band  available  for 
other  people  to  use.  In  order  to 
achieve  such  clever  manipulation  of 
frequencies,  however,  extremely  good 
filters  are  required.  The  filters  must 
be  able  to  allow  desired  frequencies 
through  a  system  virtually  untouched, 
but  at  the  same  time  must  suppress 
immediately  adjacent  frequencies — 
hence,  the  sharp  corner.  The  sharp¬ 
er  the  corner  the  filter  can  turn,  th« 
higher  is  its  “selectivity” — that  is, 
the  more  nearly  can  the  filter  ap¬ 
proach  the  ideal  situation  of  allow¬ 
ing  one  frequency  to  pass  through, 
but  completely  blocking  the  next  ad¬ 
jacent  frequency  along  the  line.  Here 
again,  crystal  filters  approximate  this 
Utopian  situation  much  more  closely 
than  other  existing  types  of  filters. 

The  ability  of  a  filter  to  have  high 
“selectivity”  is  primarily  determined 
by  the  “Q”  of  the  elements  used  in 
the  filter.  Q,  or  “quality  factor,”  is  an 
arbitrary  'symbol  which  permits  the 
engineer  to  determine  how  much  en¬ 
ergy  is  dissipated  or  wasted  by  the 
filter  element.  The  higher  the  Q,  the 
less  the  wasted  energy,  and  there¬ 
fore,  the  better  the  filter.  In  addition, 
the  same  filter,  produced  at  a  higher 
frequency,  will  require  a  higher  Q 
for  the  same  performance  or  selec¬ 
tivity.  Conventional  coils  used  in  L 
C  filters  have  Q’s  in  the  order  of  200, 
while  the  elements  employed  in  me¬ 
chanical  filters  have  Q’s  of  about 
2000.  On  the  other  hand,  ordinary 
quartz  crystals  have  Q’s  which  range 
from  20,000  to  200,000.  In  other 
words,  the  crystal  filter  can  be  made 
a  great  deal  better  than  the  LC  or 
mechanical  filter  at  low  frequencies, 
and  furthermore,  c^n  be  produced 
at  high  frequencies  where  the  other 
filters  will  not  perform. 

Quartz  crystals  have  been  used  for 
years  to  control  the  frequency  of  os¬ 
cillation  of  oscillators.  It  has  been 
only  wdthin  the  past  two  years,  how¬ 
ever,  that  any  serious  work  has  been 
undertaken  to  make  commercially 
available  the  filters  containing  a  net¬ 
work  of  quartz  crystals  which  will  al¬ 
low  a  band  of  frequencies  to  pass.  Lat¬ 
tice  filters  made  up  of  quartz  crystals 
were  first  proposed  ( about  twenty 
years  ago)  by  a  scientist  named 
barren  Mason  of  Bell  Telephone 
Laboratories.  However,  the  mathe¬ 


matical  calculations  necessary  to  de¬ 
sign  these  networks  and  the  difficulty 
of  producing  the  necessary  crystals 
at  high  frequencies  caused  manufac¬ 
turers  to  shy  away  from  crystal  fil¬ 
ters.  It  was  Dr.  David  Kosowsky  of 
M.I.T.,  and  now  at  Hycon  Eastern, 
Inc.,  Cambridge,  Mass.,  who  devel¬ 
oped  a  highly  simplified  mathemati¬ 
cal  technique  for  designing  crystal 
filters  and  devised  new  methods  for 
producing  and  testing  the  required 
quartz  crystals.  Dr.  Kosowsky  went 
further  on  and  designed  shop  pro¬ 
duction  equipment  wffiich  makes  the 
manufacture  of  crystal  filters  almost 
routine.  It  was  this  latter  step  which 
enabled  Hycon  Eastern  to  bring  the 
price  to  a  figure  which  is  competi¬ 
tive  with  LC  and  mechanical  filters. 

At  frequencies  above  a  few  mega¬ 
cycles,  crystal  filters  are  virtually  un¬ 
challenged  by  their  sisters,  LC  filters 
and  mechanical  filters.  The  older  type 
filters  just  won’t  do  the  job  at  high 
frequencies.  At  lower  frequencies, 
where  long  established  techniques 
have  brought  LC  and  mechanical  fil¬ 
ters’  prices  down  to  low  figures,  crys¬ 
tal  filters  excel  only  in  performance. 
At  lower  frequencies,  crystal  filter 
prices  and  mechanical  filter  prices 
are  roughly  the  same.  A  typical  crys¬ 
tal  filter  currently  sells  for  forty  dol¬ 
lars  when  bought  in  small  quanti¬ 
ties,  or  twenty  to  twenty-five  dollars 
when  purchased  in  larger  lots.  As 
with  transistors,  which  sold  for  about 
two  hundred  dollars  when  originally 
developed  but  which  now  sell  for  less 
than  two  dollars,  crystal  filters  will 
also  come  down  in  price  when  they 
are  in  high  production. 

Design  Opportunities 

Athough  the  low  frequency  crystal 
filter  will  play  a  significant  role  in 
single  sideband  and  telephone  com¬ 
munication  systems,  the  high-fre¬ 
quency  crystal  filter  may  well  revo¬ 
lutionize  the  design  of  other  com¬ 
munication  and  navigation  systems. 
In  addition  to  performance  which 
cannot  normally  be  obtained  even  at 
lower  frequencies  with  conventional 
filters,  the  high-frequency  crystal  fil¬ 
ter  may  be  made  extremely  small  in 
size.  Models  have  already  been  pro¬ 
duced  which  are  about  half  the  size 
of  a  small  match  box.  These  minia¬ 
ture  crystal  filters,  in  conjunction 
with  miniature  vacuum  tube  and  tran¬ 
sistor  circuitry,  are  currently  being 
employed  in  the  design  of  several  of 
the  most  compact  communications 
equipment  ever  produced. 

Biggest  potential  use  in  the  next 
few  years  of  ^crystal  filters  will  prob¬ 
ably  be  in  mobile  communications. 
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With  the  Federal  Communications 
Commission  constantly  forcing  all 
radio  systems  to  operate  in  continu¬ 
ously  narrower  frequency  bands  be¬ 
cause  of  crowded  conditions  at  high 
frequencies,  narrow  band  pass  filters 
are  becoming  more  and  more  signifi¬ 
cant.  At  the  present  state  of  the  com¬ 
munications  art,  LC  and  mechanical 
filters  are  being  used  to  their  ulti¬ 
mate  capabilities.  The  advent  of  crys¬ 
tal  filters  now  enables  equipment 
manufacturers  to  surge  ahead  with 
radio  and  radar  systems  using  nar¬ 
rower  frequency  bands  than  were  be¬ 
fore  possible. 

An  extremely  important  significance 
of  the  arrival  of  crystal  filters  on 
the  communications  scene  is  the  pos¬ 
sibility  now  of  eliminating  multiple 
conversion  high-frequency  receivers. 
Because  it  has  been  hard  to  filter  sig¬ 
nals  at  high  frequencies,  electronic 
manufacturers  have  utilized  steps  of 
frequency  conversion  to  get  the  fre¬ 
quency  down  to  a  useable  range.  In 
other  words,  signals  at  high  fre¬ 
quencies  could  not  be  easily  filtered 
using  LC  or  mechanical  filters,  so 
the  signals  have  been  converted  to 
frequencies  where  filters  will  work. 
Often,  multiple  conversion  receivers 
have  three  mixing  stages  where  fre¬ 
quency  conversion  is  accomplished. 
Each  of  the  mixing  stages  requires 
an  oscillator.  In  addition  to  the  high¬ 
er  cost,  each  oscillator  added  to  a 
receiver  causes  unwanted  noise  pos¬ 
sibilities.  In  short,  the  manufacture 
and  alignment  of  multiple  conversion 
receivers  is  more  complicated  than 
for  single  conversion  receivers.  Crys¬ 
tal  filters  make  possible  the  design 
and  manufacture  of  single  conver¬ 
sion  receivers  at  high  frequencies 
where  this  has  not  been  feasible  up 
to  now. 

Military  and  industrial  users  alike 
welcome  the  reliability  characteristics 
of  crystal  filters.  Unlike  many  LC 
filters,  crystal  filters  need  no  align¬ 
ment  after  manufacture.  The  quartz 
element  is  extremely  stable  with  re¬ 
spect  to  temperature,  shock  and  vi¬ 
bration.  In  general,  crystal  filters 
will  meet  guided  missile  specifications 
for  environmental  conditions,  where¬ 
as  LC  and  mechanical  filters  have 
great  difficulty  performing  under  the 
missile  conditions. 

High  selectivity  at  high  frequen-  . 
cies,  extreme  stability,  competitive 
price  and  versatility  are  the  outstand¬ 
ing  characteristics  of  crystal  filters. 

In  the  worst  case,  a  typical  crystal 
filter  may  change  its  parameters  one 
part  in  one  million  over  the  period 
of  a  year. 
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^  Guiding  a  missile,  or  speeding  flight  and  flight  environmental 

data  back  to  control  and  tracking  centers,  is  too  much  of  a  job 
for  conventional  communication  systems.  Supersonic  speeds 
call  for  lightning  fast  data  communications,  coupled  with  the 
utmost  reliability. 

Capitalizing  on  the  ease  of  converting  messages  into  digital 
form.  Motorola  scientists  and  engineers  have  developed  a  num¬ 
ber  of  Data  Link  Communications  Systems  suitable  for  piloted 
aircraft,  as  well  as  missiles. 

NERVE  CENTER  FOR  DATA  LINK  SYSTEMS 

With  Data  Link  Systems,  messages  that  have  been  translated 
into  on-off  pulses  can  be  transmitted  by  any  of  the  common 
modulation  schemes  with  a  suitable  carrier.  The  transmitter  can 
'  air-borne,  ship-borne,  or  land-based.  Received  messages  are 

amplified,  decoded,  and  transformed  into  a  form  suitable  for 
t  j  lUjjU  display,  or  stored  for  some  future  time,  or  used  for  direct  control 

frW  IR  through  auto  pilots,  for  example. 
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One  of  the  Data  Link  Systems  designed  at  Motorola  utilizes  an 
all-transistor  converter-coupler,  packaged  in  modular  form. 
The  total  system  consists  of  eight  modules,  each  approximately 
4''  X  8''  X  1^".  The  fully  transistorized  circuitry  is  of  the  highly 
reliable  diode-matrix  type  logical  circuitry  used  in  many  digital 
computers.  The  switch  type  transistors  employed  are  a  product 
of  the  Motorola  Semi-Conductor  Division.  Indicative  of  the 
stringent  testing  program  to  which  the  transistors  are  subjected 
is  a  1000-hour  life  test  at  85®  C. 

For  another  Data  Link  program.  Motorola  has  designed  a 
system  featuring  resolver-type  outputs.  A  single  time-shared 
servo  amplifier  positions  anyone  of  the  five  resolvers  in  accord¬ 
ance  with  commands  from  the  ground  transmitter. 

These  two  Motorola  Data  Link  Systems  aimed  at  solving  one  of 
the  important  communication  problems  of  the  missile  age  are 
examples  of  the  complex  programs  conducted  by  Motorola  for 
varied  military  needs. 
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Western  Area  Center*  8201  McDowell  Road  •  Phoenix,  Arizona 
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I  PROPOSE  TO  SET  FORTH  IN  THIS 
article  the  broad  objeCfives  and  goals 
of  the  U.S.  Army  Signal  Corps  in 
our  defense  program.  This  is  appro¬ 
priate  when  we  consider  that  our 
Government  today  is  spending  just 
about  $1100  a  second,  or  approxi¬ 
mately  $100  million  a  day  on  mili¬ 
tary  expenditures  of  all  sorts.  These 
expenditures  are  reflected  in  the 
present  reorganization  of  the  Army. 

But,  even  without  a  reorganization 
of  the  major  combat  forces,  the  Army 
would  have  been  required  to  re-equip 
itself  with  new  communications-elec- 
tronics  gear  in  order  to  keep  pace 
with  the  many  technological  advances 
being  made  in  these  fields.  In  look¬ 
ing  toward  the  future,  we  find  that 
as  the  Army  gears  itself  to  today’s 
Atomic-Electronics  Age,  the  role  of  the 
Signal  Corps  becomes  increasingly 
more  important. 

Almost  every  organizational  change 

and  every  new  weapon  adopted  by 

the  Armv  increases  the  need  for  new 
^  _ 

electronic  devices  and  systems.  The 
reorganization  which  is  now  in  proc¬ 
ess  to  form  the  new  pentomic  divi¬ 
sions  gives  greater  flexibility  and 
fire  power.  It  reduces  the  over-all 
man  power  requirements  markedly.  It 
also  introduces  a  brand  new  require¬ 
ment,  for  600  Signal  Corps  officers, 
which  did  not  exist  before. 

The  accelerated  tempo  at  which 
the  Pentomic  Army  is  being  devel¬ 
oped  places  a  tremendous  challenge 
upon  every  element  of  the  Signal 
Corps.  Considering  material,  we  are 
faced  with  the  largest  undertaking 
since  the  beginning  of  World  War  II. 
Our  energies  and  resources  in  other 
areas  of  endeavor  are  also  being 
heavily  taxed. 

So,  today,  the  Signal  Corps  is  em¬ 
barked  on  an  aggressive  program  to 
bring,  through  development  and  into 
production,  a  large  variety  of  new 
electronic  and  communication  de¬ 
vices  never  before  employed  by  the 
Army.  Our  broad  objectives  in  this 
area  are  to  develop  and  produce  the 
concepts  and  the  electronic  tools  and 
to  recommend  systems  and  organiza¬ 
tion  and  doctrine  to  the  Continental 
Army  Command  (CONARC)  which 
will  provide  the  commander  with  the 
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essential  elements  for  command  con¬ 
trol.  . 

The  provision  of  command  control 
is  the  principal  task  of  the  Signal 
Corps  and  it  will  remain  so  in  the 
Army  of  the  future. 

Just  what  is  meant  by  the  term 
“command  control?”  An  accepted 
definition  of  the  term  is:  “The  sys¬ 
tematic  employment  of  devices  and 
techniques  designed  to  acquire  data 
and  transmit  information  essential 
to  the  control  of  friendly  military 
forces,  and,  to  counter  the  enemy’s 
command  control  system.” 

If  you  analyze  that  definition  for 
just  a  moment  you  will  find^that  it 
has  three  basic  elements  :  ( 1 )  signal 
communications,  (2)  combat  sur¬ 
veillance  and  (3)  electronic  warfare. 

The  Signal  Corps  is  developing 
basic  systems  for  each  of  these  3  ele¬ 
ments  along  with  interworking  sys¬ 
tems  for  each  level  of  employment, 
i.e.,  division,  corps,  army  and  thea¬ 
ter.  Each,  of  course,  will  supplement 
the  others.  The  practice  of  piecemeal 
introduction  of  new  equipment  has 
been  abandoned  in  favor  of  complete 
systems  which  will  include  provisions 
for  equipment,  personnel,  organiza¬ 
tion  and  maintenance  support. 

In  the  approved  concepts  of  the 
new  Armv  in  the  field,  command  con- 
trol  has  taken  its  place  along  with 
firepower  and  mobility  as  one  of  the 
3  basic  determinants  of  victory.  This 
places  it  squarely  up  to  the  Signal 
Corps  to  prove  that  it  has  the  tech¬ 
nical  competence  to  provide  the 
Army  with  this  capability. 

The  pattern  has  been  pretty  well 
set  for  the  composition  of  the  basic 
team  in  the  new  mechanized  divi¬ 
sions.  As  I  visualize  it,  this  team  will 
be  comprised  of  battalion-sized  com¬ 
posite  units  of  infantry,  armor,  artil¬ 
lery,  engineer  and  signal  troops. 
These  units  will  be  armed  with  bal¬ 
listic  rockets  and  guide  missiles,  us¬ 
ing  conventional  or  atomic  warheads. 
The  units  will  be  highly  mechanized, 
will  have  substantial  organic  aviation 
and  will  be  capable  of  operating  at 
distances  of  50  miles  or  riiore  from 
adjacent  units  or  higher  headquar¬ 
ters.  This  mobility,  atomic  firepower 
and  dispersion  could  represent  confu¬ 
sion  and  even  self-destruction  with¬ 
out  adequate  command  control  capa¬ 
bilities. 

The  kind  of  communications  we 
envisage  for  1960-1970  involves  new 
techniques  of  radio  having  long 
range,  greater  capacity  and  design  to 
offset  the  enemy’s  jamming  efforts. 
In  the  use  of  radio  relay,  for  exam¬ 
ple,  our  objective  is  to  double  its  use¬ 


fulness  and,  at  the  same  time,  reduce 
the  number  of  technicians  required 
for  operation  and  maintenance. 

Another  objective  in  the  communi¬ 
cations  area  is  to  develop  new  types 
of  wire  which  can  he  laid  by  heli¬ 
copter,  drone  or  missile,  and  which 
can  successfully  transmit  its  message 
even  though  it  mav  be  broken  in  a 
half-dozen  places. 

Perhaps  the  most  widely  known 
change  in  the  field  of  Army  commu¬ 
nications  is  the  “Area  Comniunica- 
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tion  System”  concept.  This  system 
has  been  designed  to  insure  that  the 
new  lype  combat  groups  will,  at  all 
times,  be  tied  into  a  flexible  com- 
munication  system  which  can  he  de¬ 
ployed  throughout  the  combat  zone, 
so  that  no  matter  how  it  moves  or 
how'  it  is  displaced,  it  can  talk  to 
communications  central  which  can 
rapidly  link  the  unit  commander  with 
adjacent  troops. 

Requirements 

In  the  face  of  enemy  atomic  war¬ 
fare  capability  and  the  accompany¬ 
ing  supersonic  delivery  systems,  a 
strong  requirement  is  generated  for 
a  comunications  system  capable  of 
absorbing  the  impact  of  atomic  at¬ 
tack  and  capable  of  quick  reaction 
to  meet  changes  in  operational  plans 
and  in  task  organization.  The  in¬ 
creased  emphasis  of  direct  opera¬ 
tional  and  administrative  communi¬ 
cations  also  dictates  a  departure  from 
the  present  echelon -to -echelon  con¬ 
cept. 

This  new  system  must  be  capable 
of  supporting  the  requirements  of  the 
combat  surveillance  system,  the  elec¬ 
tronic  warfare  system,  the  air  navi¬ 
gation  and  traffic  control  system  and 
the  various  weapons  systems  which 
evolve  from  technological  improve¬ 
ments  in  methods  of  target  acquisi¬ 
tion  and  delivery  of  missiles.  To  meet 
these  requirements,  this  new  com¬ 
munications  system  is  being  perfect¬ 
ed  to  meet  the  following  character¬ 
istics: 

a.  It  must  be  designed  to  provide 
communications  to  widely  dis¬ 
persed  units  and  installations. 

It  must  minimize  the  need  for 
support  units  to  concentrate 
around  one  or  two  major  com¬ 
munications  centers  located  along 
a  single  axis  of  communication. 

b.  It  must  be  a  flexible  system 
which  can  readily  accommodate 
itself  to  changes  in  organization¬ 
al  structure  and  to  re-locations  or 
concentrations  of  units,  com¬ 
mand  posts  and  installations.  Its 
structure  and  patch -through  fa¬ 
cilities  must  permit  electrical  re¬ 
routing  and  physical  re-locating 
of  circuits  with  a  minimum  of 
changes  in  the  system.  Systems’ 
components  must  be  made  up  of 
building  block  type  units  so  that 
rapidly  changing  requirements 
can  be  met  by  adding  or  remov¬ 
ing  unit  elements  to  meet  specific 
conditions. 

c.  It  must  be  a  reliable  system,  de¬ 
signed  to  provide  continuity  of 
communications  in  the  face  of 
enemy  action.  Destruction  of  a 


portion  of  the  system  by  an 
atomic  weapon,  for  example, 
must  not  disrupt  the  entire  sys¬ 
tem. 

d.  It  must  be  a  common  user  system, 
designed  to  provide  communica¬ 
tion  (particularly  trunk-line  serv¬ 
ice)  for  installations  and  units 
which  would  otherwise  use  or¬ 
ganic  facilities.  Its  other  features 
must  make  it  adaptable  to  pro¬ 
visions  of  special  purpose  cir¬ 
cuits  required  to  coordinate  the 
employment  of  new  weapons  sys¬ 
tems  and  for  other  special  oper¬ 
ations. 

e.  It  must  have  a  high  capacity  po¬ 
tential  designed  to  meet  the  ex¬ 
tensive  demands  placed  on  it. 

f.  It  must  be  a  high  quality  system 
designed  to  reduce  the  degrada¬ 
tion  of  service  which  would  oth¬ 
erwise  result  from  the  distances 
involved  under  the  new’  concepts. 

g.  It  must  contain  sufficient  mobile 
elements  to  keep  pace  with  move- 

•  ments  of  the  Field  Army.  To 
create  the  degree  of  systems  flex¬ 
ibility  required,  these  facilities 
must  be  mounted  in  vehicles, 
vans  or  transportable  shelters. 

The  most  significant  features  of  the 
area  communication  system  are: 

a.  A  lattice  work  of  high  quality, 
high  capacity  communication 
links,  with  signal  centers  at  each 
link  intersection. 

b.  An  increase  in  the  use  of  multi¬ 
channel  radio  relay  and  field  ca¬ 
ble  systems,  with  a  major  de¬ 
crease  in  the  use  of  pole  line  type 
of  construction  and  single  circuit 
systems. 

c.  Development  of  the  communica¬ 
tion  means,  which  serves  the  sev¬ 
eral  command  echelons,  into  com¬ 
ponents  of  an  over-all  integrated 
system  rather  than  a  group  of  in¬ 
dependent  facilities. 

d.  An  increase  in  the  capacity  and 
operational  quality  of  equip¬ 
ments,  and  in  the  mobility  and 
flexibility  of  employment. 

Also,  there  will  be  provided  great¬ 
er  .flexibility  in  tactical  communica¬ 
tions.  Under  this  system,  there  will 
be  almost  instantaneous  switching  of 
voice  circuits  to  any  combat  group 
or  unit  within  the  combat  area.  This 
concept  will,  of  course,  virtually  elim¬ 
inate  the  use  of  wire  in  its  area. 

Combat  surveillance  is  a  new  name 
which  has  been  applied  to  one  of 
the  most  difficult  facets  of  ground 
combat — i.e.,  obtaining  information 
of  the  enemy  and  keeping  abreast  of 
both  friendly  and  enemy  activities 
on  the  field  of  battle. 

Combat  surveillance  is  a  continu¬ 


ous,  all-weather,  day  and  night  sys¬ 
tematic  watch  over  the  battle  area  to 
provide  timely  information  for  tac¬ 
tical  ground  combat  operation.  Com¬ 
bat  surveillance  includes  friendly  as 
well  as  enemy  information  obtained 
by  both  technical  and  non-technical 
means.  The  Army’s  combat  surveil¬ 
lance  system  is  the  aggregate  of  all 
means  of  collecting  information  of 
the  enemy,  weather  and  terrain,  and 
the  means  required  to  process  and 
display  this  information  rapidly  and 
effectively  to  the  commander. 

Military  leaders  within  the  U.  S. 
Army  have  recognized  the  vital  im¬ 
portance  of  maintaining  our  combat 
surveillance/target  acquisition  capa¬ 
bility,  commensurate  with  the  man¬ 
euver  and  fire  capability  of  the  Pen- 
tomic  Field  Army. 

The  U.  S.  Army  Combat  Surveil¬ 
lance  Agency  (USACSA),  command¬ 
ed  by  Brigadier  General  William  M. 
Thames,  was  established  in  January 
1957  with  offices  in  the  Pentagon. 
USACSA  is  directing  the  Chief  Sig¬ 
nal  Officers’  effort  toward  improving 
the  Army’s  combat  surveillance/tar¬ 
get  acquisition  capability  in  conso¬ 
nance  with  the  Pentomic  and  Pen- 
tana  Army  concepts. 

A  combat  surveillance  equipment 
system  consists  of  several  subsystems 
or  main  elements: 

a.  The  information-collecting  de¬ 
vices,  with  their  aerial  platforms, 
if  appropriate. 

b.  The  data  link  or  electrical  com¬ 


munications  means  required  to 
transmit  the  information  gath¬ 
ered  by  the  collecting  devices  to 
a  central  station. 


c.  Processing,  evaluation  and  col¬ 
lation  of  information  to  produce 
intelligence. 

d.  Display  of  the  information  and/ 
or  intelligence  to  the  commander 
and  staff  in  a  useful  and  effec¬ 


tive  manner  at  appropriate  eche¬ 
lons. 


Means  and  Devices 

For  the  collection  subsystem,  sev¬ 
eral  means  may  be  used.  All  of  the 
tried-and-true  means  of  both  World 
War  II  and  the  Korean  conflict,  such 
as  photography,  patrols,  observers 
and  interrogation  of  PW’s,  are  still 
used,  and  added  to  that  family  are 
new  or  improved  surveillance  means 
such  as  infrared,  radar,  television, 
acoustic  and  seismic,  U.S.  Army  Sig¬ 
nal  Corps  equipments.  These  devices 
include  the  100-inch  camera,  infra¬ 
red  scanners,  ground  radars,  side¬ 
looking  airborne  radar  (SLAB)  and 
many  others.' 

<  (lontintifd  on  /iage  32 ) 
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small  COMPUTER 


and  Decentralized  Computing  Facilities 


Digital  computers  of  contem- 
porary  vintage  have  made  two  major 
contributions  in  scientific  and  en¬ 
gineering  applications  which  were 
hardly  possible  for  computers  of  pre- 
electronic  vintage.  First,  they  have 
solved  many  problems  Which  would 
be  too  large  for  even  a  lifetime  of 
horse  and  buggy  methods  of  calcula¬ 
tion.  Second,  by  assuming  the  bur¬ 
den  of  repetitious  computations,  they 
have  provided  engineers  with  more 
time  for  creative  thought. 

So  valuable  are  these  contributions 
to  industrial  technology  that  they 
have  stimulated  a  remarkable  devel¬ 
opment  in  the  size  and  speed  of  com¬ 
puters.  The  giant  brains  are  provid¬ 
ing  engineers  with  answers  of  pre¬ 
cise  accuracy  in  cases  where  educat¬ 
ed  guesses  were  previously  the  rule. 
The  wide  margin  of  safety  provided 
with  the  educated  guess  resulted  in 
the  design  of  inefficient  equipment 
creating  continuously  high  costs  of 
operation.  In  other  cases,  cut  and  try 
methods  involving  the  building  and 
testing  of  prototypes  of  trial  design 
were  used.  Now  the  testing  of  many 
trial  designs  can  be  simulated  at 
electronic  speeds  to  eliminate  the  ex¬ 
pense  of  building  and  testing  actual 
prototypes.  Recognizing  the  impor¬ 
tance  of  such  developments,  the  en¬ 
gineer  is  quickly  accepting  the  giant 
brains  available  to  him. 

However,  the  use  of  giant  brains 
is  not  without  its  price.  While  com¬ 
puters  have  grown  to  be  very  large 
and  very  fast,  they  have  also  grown 
to  be  very  expensive  and  very  com¬ 
plex.  The  expense  requires  critical 
scheduling  for  efficient  use  and  the 
complexity  makes  scheduling  difficult. 

In  addition,  efficient  computer  oper¬ 
ation  requires  highly  trained  person¬ 
nel  who  are  difficult  to  find.  Further¬ 
more,  the  large  computing  installa¬ 
tion  is  not  flexible  enough  to  keep 
up  with  the  fast -changing  demands 
of  the  engineering  group.  Hence,  aft¬ 
er  the  engineer  learns  to  rely  upon 
the  giant  brain  and  use  it  regu|^ly,.  ^ 
it  becomes  the  source  of  several  ma¬ 
jor  obstacles. 

The  first  obstacle  an  engineer  faces 


in  getting  a  problem  solved  on  a 
giant  computer  is  having  the  prob¬ 
lem  programmed,  that  is,  put  into 
machine  language.  I  had  personal 
contact  with  this  problem  during  my 
employment  in  a  large  computing  in¬ 
stallation  of  an  aircraft  company. 
The  last  problem  which  I  pro¬ 
grammed  had  waited  to  be  pro¬ 
grammed  for  over  six  months.  The 
engineers  finally  had  to  make  a  de¬ 
cision  on  the  metal  to  be  used  in  an 
air  frame  before  they  received  the 
results  of  our  heat  calculations.  Our 
calculations  showed  that  the  temper¬ 
atures  involved  would  stay  slightly 
below  the  melting  point  of  the  metal 
selected  by  the  engineers.  If  they  had 
guessed  wrong,  thousands  of  dollars 
and  a  great  deal  of  time  would  have 
been  lost.  This  was  a  very  important 
problem  and.  the  engineers  were  very 
unhappy  with  this  computing  service. 
Many  groups  waited  even  longer  for 
their  answers. 

The  second  obstacle  an  engineer 
encounters  in  having  a  problem 
solved  on  a  giant  computer  is  the 
dual  problem  of  communication  and 
scheduling  after  the  programming  is 
completed.  The  data  must  be  sent  to 
the  central  installation  each  time  a 
run  is  made.  The  large  companies 
which  have  the  large  computers  fre¬ 
quently  are  widely  dispersed  so  that 
inter-office  mail  may  requite  a  half 
day  for  delivery.  After  the  data  ar¬ 
rives,  it  must  be  logged  in,  assigned 
a  priority,  punched  in  cards  or  tape 
for  entry  into  the  computer  and  held 
until  the  machine  becomes  available. 
Only  then  are  the  answers  returned 
to  the  engineer. 

In  some  situations,  the  obstacle  to 
communication  created  by  the  large 
computer  installation  is  even  more 
critical.  For  many  engineering 
groups,  one  day  or  even  one  week’s 
service  from  the  computing  group 
is  quite  adequate;  nevertheless,  many 
engineers  want  their  answers  within 
a  few  minutes.  One  good  example  of 
this  demand  for  quick  results  is  in 
aerodynamic  wind  tunnel  applica¬ 
tions.  In  many  cases  when  a  wind 
tunnel  test  is  completed,  the  engi¬ 


neers  want  to  see  the  results  of  that 
test  before  they  set  up  the  next  test; 
this  requires  that  the  pressures,  tem¬ 
peratures  and  other  measurements 
which  were  taken  during  the  test  be 
reduced  to  physical  quantities  which 
are  meaningful  to  the  engineer.  Such 
a  situation  provides*  an  ideal  appli¬ 
cation  for  a  computer.  However,  if 
the  engineer  must  wait  a  day  for 
these  results,  not  only  is  his  work 
less  effective  but  also  expensive  wind 
tunnel  equipment  is  inefficiently  used. 
Therefore,  such  a  delay  represents  a 
considerable  financial  loss  to  the 
company. 

There  are  many  other  cases  where 
immediate  results  are  desirable.  For 
instance,  in  research  problems,  the 
engineer  may  first  try  a  given  set  of 
values  and  then  when  he  sees  the  re¬ 
sults  he  may  want  to  change  one 
number  slightly  to  observe  the  effect 
on  the  answers.  If  he  must  wait  a 
day  or  two  for  his  answers,  he  is  less 
inclined  to  try  a  new  value.  When^ 
he  gets  an  answer  which  is  close 
enough,  he  is  inclined  to  draw  his 
conclusions  without  trying  for  a  more 
accurate  answer.  Hence,  it  appears 
that  the  barrier  to  communication 
with  giant  brains  stultifies  the  experi¬ 
mental  spirit. 

In  spite  of  this  discouraging  pic¬ 
ture,  a  great  deal  of  progress  has 
been  made  toward  improving  the  sys¬ 
tem  of  communication  with  the  cen¬ 
tral  computing  installation.  One 
method  of  improving  communications 
is  to  feed  data  directly  to  the  compu¬ 
ter  and  receive  answers  immediately. 
Such  a  system  in  its  ultimate  form 
would  be  very  complex  indeed,  and, 
with  current  techniques,  is  still  im¬ 
practical.  The  alternative  method  is  to 
locate  a  computer  at  each  source  of 
data.  The  introduction  of  the  small 
computer  has  made  such  decentraliza¬ 
tion  possible.  Hence,  many  large  or¬ 
ganizations  have  become  interested  in 
a  decentralized  operation  as  a  method 
of  increasing  the  efficient  use  of  their 
personnel  and  of  breaking  up  the  bot¬ 
tleneck  created  by  giant  brains. 

Some  electronic  engineering  com¬ 
panies  have  responded  to  this  inter- 
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esl  by  developing  very  versatile  small 
computers.  Many  of  the  building 
blocks  for  these  computers  were  de¬ 
veloped  for  use  by  military  aircraft 
a.id  ships  where  limitation  of  compo¬ 
nent  size  is  important.  The  General 
Precision  Equipment  Corporation  is 
using  such  building  blocks  in  devel¬ 
oping  small  electronic  computers. 
The  Royal  McBee  Corporation,  which 
has  developed  an  international  sales 
and  service  organization  for  its  type¬ 
writers,  office  equipment  and  busi¬ 
ness  systems,  is  marketing  these  com¬ 
puters.  These  two  organizations  have 
combined  their  facilities  to’  produce 
and  market  the  Royal  Precision  line 
of  data  processing  equipment.  One 
of  these  products  is  the  LGP-30  com¬ 
puter,  a  small  electronic  computer 
designed  primarily  for  scientific  ap¬ 
plications. 

What  comparisons  can  be  made  of 
the  small  computer  with  the  large 
computer?  First  of  all,  recent  de¬ 
velopments  with  magnetic  drum  and 
disc  memory  systems  have  made  it 
possible  to  produce  a  large  memory 
in  small  computers  at  a  relatively 
modest  cost.  Furthermore,  a  small 
ratio  of  physical  size  to  effective  cir¬ 
cuitry  can  be  maintained  by  the  use 
of  time-sharing  of  components.  As  a 
result,  it  has  been  possible  to  develop 
a  truly  general  purpose  computer 
of  small  size.  Hence,  the  modern 
small  computer  can  solve  any  prob¬ 
lem  which  can  be  solved  on  the  large 
computer;  the  only  real  difference 
lies  in  the  time  required  for  problem 
solution  and  the  amount  of  human 
supervision  required.  Modern  design 
techniques,  then,  have  made  it  pos¬ 
sible  to  put  a  very  powerful  compu¬ 
ter  in  a  very  little  space. 

A  second  point  in  favor  of  the 
small  computer  is  the  ease  of  instal¬ 
lation.  Computers  have  been  devel¬ 
oped  with  remarkable  capacity  which 
occupy  less  space  than  a  normal  office 
desk,  which  operate  from  a  standard 
wall  outlet  and  which  require  no 
more  power  than  an  ordinary  home 
iron.  For  such  computers,  no  air 
conditioning  is  required  and  hence 
no  major  overhaul  of  buildings  to 
house  them  as  required  for  large 
computer  installations.  The  cost  of 
installation  of  such  a  computer  is 
practically  zero. 

Principal  Uses 

There  are  three  principal  ways  in 
which  small  computers  are  being  used 
today.  One  way  is  the  use  of  several 
small  computers  as  satellites  to  a 
large  computer  in  order  to  reduce  the 
difficulties  attending  the  use  of  the 
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large  computer.  Another  is  the  use 
of  a  group  of  small  computers  to 
replace  a  large  computer.  A  third 
way  is  the  use  of  the  small  computer, 
by  itself,  as  the  principal  computing 
device  for  a  company,  division  or 
department.  The  expense  of  the  large 
computer  makes  its  use  in  this  third 
case  prohibitive.  There  are  several 
interesting  examples  of  such  uses  of 
small  computers.  Here  is  one. 

The  head  of  the  computing  depart¬ 
ment  of  a  large  aircraft  company, 
after  a  six-month  feasibility  study, 
recommended  to  management  that 
they  open  the  bottleneck  of  the  cen¬ 
tral  computing  installation  by  pur¬ 
chasing  a  group  of  small  computers 
to  be  located  in  various  engineering 
departments.  Their  central  computing 
installation  operates  on  an  “open 
shop”  basis  where  the  engineer  does 
most  of  his  own  programming.  This 
programming  is  simplified  by  an 
algebraic  interpretive  routine  which 
translates  algebraic  expressions  into 
computer  language. 

The  programming  procedure  was 
to  remain  unchanged  with  the  instal¬ 
lation  of  the  small  computers.  The 
engineers  would  continue  to  program 
their  problems  in  algebraic  form 
using  the  interpretive  routine  to 
translate,  ^this  algebra  into  machine 
instructions.  The  engineer  who  had 
a  small  computer  in  his  own  depart¬ 
ment  would  use  an  interpretive  rou¬ 
tine  which  would  produce  a  program 
for  the  small  computer  rather  than 
the  large  computer.  The  engineer 
then  would  return  to  his  small  com¬ 
puter  where  his  problems  could  be 
solved  without  the  delay  of  sending 
the  data  to  the  central  installation 
and  waiting  for  it  to  be  returned  a 
day  or  perhaps  a  week  later.  With 
this  system,  the  engineer  would  make 
only  one  trip  to  the  central  installa¬ 
tion  or  send  information  to  the  cen¬ 
tral  installation  only  one  time.  Then 
he  could  continue  to  use  his  program, 
independent  of  the  central  computing 
installation,  until  he  chose  to  solve 
another  problem  on  the  computer  or 
make  a  major  modification  of  the 
existing  program. 

The  LGP-30  computer  was  recom¬ 
mended  for  this  application  because 
its  order  structure  is  compatible  both 
with  the  large  IBM  computer  and 
the  Univac  computer  which  this  air¬ 
craft  company  is  using.  They  planned 
to  punch  the  program  on  IBM  cards 
and  use  a  card-to-tape  converter  or, 
if  the  Univac  computer  was  used,  they 
would  punch  the  program  tape  di¬ 
rectly  from  the  computer.  The  engi¬ 
neer  would  return  to  his  department 
(Continued  on  page  24) 
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scientists  and  engineers  of  high 
calibre.  Please  address  inquiries  to 
Chief  Engineer. 

Ikrffhian 

Bectronics 

HOFFMAN  LABORATORIES,  INC. 

3761  South  Hill  Street 
Los  Angeles  7,  California 
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radar’s  caught  infiltration  on  hill  four  zero.. 

As  at  sea  and  in-the  air.  Hoffman-develooed  radar 


u 

greatly  extended. capabilities  for  surveillance 
battlefield ...  Itlsanother.  out  St 


Where  exciting  new  things 
are  happening  in  RADAR  , 


HOFFMAN  LABORATORIES,  INC. 

3761  South  Hill  Street 
Los  Angeles  7.  California 
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DEVELOPMENT  &  PRODUCTION 
WEAPONS  SYSTEMS 
COMMUNICATIONS 
NAVIGATION 

ELECTRONIC  COUNTER  MEASURES 
RAOAR 

SEMICONDUCTOR  APPLICSTIONS 


I 


For  Facts  on  DuKane 
amplifiers  for  defense,  write 

DuKan«.<^orponition,  Dept.  C-12 
8t.  Charles,  Illinois 


NAME- 


address! 

CITY _ 

FIRM 


-STATE. 


THIS 


uKane 


••mms  A  MOUNTAIN  OP  METAL 
IN  BOMBER  PLIGHT  CONTROL’' 

Small,  yes,  but  built  to  exact¬ 
ing  specifications  for  dependable 
performance  under  tough  oper¬ 
ating  conditions.  This  is  precision 
manufacturing  at  its  finest  by 
one  of  the  world’s  leaders  in 
pioneering  and  developing  elec¬ 
tronics.  DuKane  can  produce 
amplifiers  in  any  size,  quantity 
and  capacity  to  meet  your  re¬ 
quirements.  Send  the  coupon 
today  for  the  interesting  facts ! 


DuKane's  dependable  commercial  elec¬ 
tronic  products  are  serving  industry, 
schools,  hospitals  and  offices  across  the 
nation i  Details  upon  request! 


mb 


StoxHoM  and 
NMrsas'Call 


School 

Sound  Systoms 


Micromatic  Sound 
Filmstrip  Projoctor 


Privato  Talaphono 
Systoms 


24 


with  a  program  tape  ready  for  entry 
into  the  small  computer. 

The  LGP-30  has  been  chosen  to 
augment  a  large  computer  installa¬ 
tion  in  another  way.  The  compati¬ 
bility  of  LGP-30  code  with  the  codes 
of  large  computers  has  led  to  its  use 
in  program  check-out.  Anyone  who 
has  worked  in  a  central  computing 
installation  realizes  that  an  engineer 
rarely  states  his  problem  in  the  first 
writing  exactly  as  he  wants  it;  in¬ 
variably  he  wishes  to  make  additions 
to  the  program  or  changes  in  the 
program  almost  immediately  upon  its 
completion.  Debugging  of  new  pro¬ 
grams  and  revision  of  programs  con¬ 
sume  a  great  deal  of  machine  time 
and  when  the  machine  involved  is  a 
giant  computer,  time  can  be  very 
expensive.  In  working  through  parts 
of  a  problem  to  find  the  source  of  dif¬ 
ficulty,  the  greater  speed  of  a  large 
computer  is  of  no  advantage.  An 
inexpensive  man  tends  to  become  the 
slave  of  an  expensive  machine. 

Hence,  some  people  have  chosen 
to  eliminate  this  expenditure  of  valu¬ 
able  machine  time  by  placing  new’ 
problems  on  a  small  computer  for 
solution  until  the  details  are  formal¬ 
ized  and  a  satisfactory  program  is 
developed.  Then  if  the  volume  war¬ 
rants,  the  prbgram  is  translated  to  the 
language  of  the  large  computer.  In 
this  type  of  operation,  the  small  prob¬ 
lems  and  the  “one-shot”  problems 
never  reach  the  large  computer.  This 
approach  has  another  advantage  be¬ 
sides  the  saving  of  money.  It  reduces 
the  pressures  which  are  exerted  to¬ 
ward  standardization  of  procedures. 
The  engineer  can  feel  free  to  try  new 
approaches  to  his  problem  on  the 
small  computer  while  his  old  ap¬ 
proach  is  being  employed  on  the 
large  computer. 

Other  Applications 

Some  large  companies  are  taking 
still  another  approach  to  the  appli¬ 
cation  of  small  computers.  Manage¬ 
ment  has  chosen  to  let  each  large  de¬ 
partment  or  division  select  a  com¬ 
puter  which  will  satisfy  its  own  needs. 
The  computing  facility  is  on  a  com¬ 
pletely  decentralized  basis.  By  hav¬ 
ing  the  computer  close  at  hand,  the 
engineer  is  encouraged  to  make  good 
use  of  it  rather  than  waste  his  time 
on  a  desk  calculator  or  content  him¬ 
self  with  educated  guesses  or  “ball 
park”  answers.  For  this  type  of  in¬ 
stallation,  care  should  be  taken  in 
selecting  a  computer  which  is  rela¬ 
tively  simple  to  program  and  operate 
so  that  the  engineer  can  spend  more 
time  concentrating  on  finding  meth¬ 
ods  leading  to  more  accurate  answers 


than  on  programming  and  operating 
the  computer. 

Another  interesting  application  of 
a  small-sized  computer  on  a  decen¬ 
tralized  basis  is  its  use  as  a  special 
purpose  computer.  A  major  oil  com¬ 
pany  is  using  an  LGP-30  in  one  of 
its  refineries.  The  computer  has  been 
set  to  assist  in  the  one  difficult  task 
of  finding  a  combination  of  opera¬ 
tions  that  will  produce  the  desired 
motor  fuels  on  any  particular  day 
from  the  crude  that  is  presently  avail¬ 
able.  In  this  application,  the  use 
of  a  central  computing  service  is  in¬ 
adequate  because  immediate  answers 
are  important.  Accurate  solution  of 
this  problem  can  mean  as  much  as 
$.01  per  barrel  difference  in  profit. 
Since  over  100,000  barrels  per  day 
are  involved  in  this  operation,  com¬ 
putation  can  make  as  much  as  $1000 
difference  in  profit  per  day. 

Capacity  Considerations, 

The  small  company  which  cannot 
afford  the  price  of  a  large  computer 
or  does  not  have  enough  work  volume 
to  warrant  the  use  of  a  large  com¬ 
puter,  mtiy  find  use  for  an  installa¬ 
tion  similar  to  that  in  a  department 
of  a  large  company.  Similar  con¬ 
siderations  should  govern  their  choice 
of  a  computer.  However,  in  addition 
to  such  things  as  ease  of  operation, 
they  must  also  consider  the  capacity 
of  the  machine.  In  the  small  com¬ 
pany  when  a  problem  is  encountered 
which  is  difficult  to  squeeze  into  the 
small  computer,  there  is  no  large 
computer  standing  by  which  may  be 
used.  Hence,  it  becomes  even  more 
important  for  the  small  company  to 
select  a  computer  which  has  a  capa¬ 
city  adequate  for  the  broadest  range 
of  problems  they  expect  to  encounter. . 

In  summary,  the  speed  and  capa¬ 
city  of  modern  digital  computers  have 
greatly  broadened  the  effectiveness  of 
scientific  and  engineering  efforts.  The 
recognition  of  computer  usefulness 
has  been  the  impetus  for  the  develop¬ 
ment  of  the  giant  brain.  However, 
useful  though  it  is,  the  giant  brain  is 
attended  with  difficulties.  These  diffi¬ 
culties  can  be  overcome  in  many 
cases  by  the  use  of  several  small  com¬ 
puters,  either  to  augment  the  large 
computer  or,  in  some  applications,  to 
replace  it.  In  addition,  the  small 
computer  can  be  used  in  cases  where 
computing  volume  and  cost  factors 
make  the  use  of  no  other  computer 
possible.  We  can  expect  that  the 
recognition  of  its  great  potential  will 
generate  in  the  coming  years  a  re¬ 
markable  expansion  in  the  use  of 
the  small  coitiputer. 
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The  Director  of 
Naval  Communications 
Looks  at  ...  . 


V cdue  Engineering 


COMMUNICATIOXS  EQUIPMENT  AND 
systems  are  fast  becoming  one  of 
the  more  complex  and  expensive  fac¬ 
tors  in  the  military  electronics  field, 
which  is  reason  enough  why  we  are 
thoroughly  sold  on  the  Value  Engi¬ 
neering  Program  of  RAdm.  A.  G. 
Mumma,  USN,  Chief  of  the  Bureau 
of  Ships. 

As  Director  of  Naval  Communica¬ 
tions,  I  am  reminded  daily  that  mod¬ 
ern  warfare  tactics  are  placing  an 
ever-increasing  demand  on  communi¬ 
cations,  regarding  both  quantity  and 
quality.  In  order  to  fulfill  our  com¬ 
munication  objectives,  it  is  becoming 
necessary  for  us  to  resort  to  uncon¬ 
ventional  methods  of  modulation  and 
propagation  and  to  concentrate  on 
optimized  equipment  and  systems  for 
specific  applications.  Communica¬ 
tions  equipment  and  systems  are  fast 
becoming  one  of  the  more  complex 
and  expensive  factors  in  the  military 
electronics  field. 

We  are  faced  with  the  reduced  pur¬ 
chasing  power  of  the  dollar,  the  con¬ 
tinued  rise  in  costs  of  materials,  man 
power  and  services,  as  well  as  cur¬ 
tailed  Department  of  Defense  appro¬ 
priations.  Therefore,  it  is  mandatory 
that  each  of  us  does  his  utmost  to  re¬ 
duce  costs  wherever  and  whenever 
practicable,  as  long  as  such  reductions 
do  not  jeopardize  the  essential  per¬ 
formance  characteristics  necessary  to 
meet  our  operational  needs. 

By  Navy  definition,  value  engi¬ 
neering  “includes  an  intensive  and 
critical  review  of  the  operational  and 
maintenance  requirements,  specifica¬ 
tions,  design,  manufacturing  proc¬ 
esses,  materials,  inspections  and  test- 
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ing  by  the  contractor  of  the  equip¬ 
ment  to  determine  the  minimum  func¬ 
tions  and  parts,  and  the  least  expen¬ 
sive  materials,  processes  and  proce¬ 
dures  necessary  to  produce  a  func¬ 
tional,  maintainable  and  reliable 
equipment,”  with  a  view  toward  re¬ 
ducing  the  total  costs  of  the  equip¬ 
ment  without  “adversely  affecting  the 
essential  characteristics.” 

The  Procedure 

The  intensive  and  critical  review  of 
operational  requirements  brings'  the 
operators  into  the  value  engineering 
fraternity.  They,  the  users  of  the 
equipment,  must  apply  the  value  en¬ 
gineering  concept  when  stating  their 
operational  requirements.  This  is 
the  first  step  to  insure  that  the  re¬ 
quirements  reflect  the  minimum  ac¬ 
ceptable  functions  and  reliability 
which  the  operational  people  consider 
they  can  tolerate.  Following  this,  the 
line  of  communication  ‘must  be  kept 
open  between  the  operationaj  people 
and  the  technical  people  who  translate 
these  requirements  into  design,  de¬ 
velopment  and  eventually,  hardw^are. 
If,  at  any  level,  a  stated  operational 
requirement  appears  unrealistic  of 
accomplishment  at  reasonable  cost, 
this  fact  should  be  brought  to  the  at¬ 
tention  of  the  operators,  as  repre¬ 
sented  by  the  Chief  of  Naval  Opera¬ 
tions,  for  reconsideration. 

In  this  connection,  the  following  is 
an  extract  from  the  Chief  of  Naval 
Operation’s  directive  on  Navy  Re¬ 
search  and  Development  Planning 
and  Management  Procedures,  which 
is  required  to  be  included  in  the 
operational  requirement  document: 

“In  all  material  developments,  the 


Chief  of  Naval  Operations  considers 
timely  availability  and  suitability  of 
first  importance.  Considerations  of 
cost,  critical  materials,  and  man  power 
are  of  almost  equal  importance.  The 
performance  figures  given  in  this  re¬ 
quirement  are  goals,  except  where 
specifically  noted  as  minimums.  Dur¬ 
ing  the  course  of  planning  for  this 
development,  it  may  be  found  that 
in  meeting  these  goals  a  large  and 
complex  or  costly  article  will  result; 
whereas  it  may  be  found  possible  to 
develop  a  much  simpler  and  therefore 
more  readily  available,  reliable  and 
suitable  equipment  short  of  the  ulti¬ 
mate  specified,  but  which,  neverthe¬ 
less,  will  constitute  a  considerable 
advance  over  presently  available 
equipment.  Determination  of  such 
alternatives  should  be  considered  an 
essential  part  of  the  preparation  of 
the  Technical  Development  Plan.  In 
the  submission  of  the  Technical  De¬ 
velopment  Plan,  the  developing  agen¬ 
cy  shall  inform  the  Chief  of  Naval 
Operations,  or  the  Commandant  of 
the  Marine  Corps,  as  appropriate,  of 
the  results,  with  respect  to  the  factors 
enumerated  above,  in  order  that  con¬ 
sideration  may  be  given  to  making 
an  appropriate  modification  of  this 
{Continued  on  page  27) 
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....  0  nvolutiouary  new  methankol  protess  for  higher 
prorftfcffofl  of  lower  costs.  Fastest  PRFPARATIOH  and  ASSEMBLY 
of  Resistors,  Capacitors,  Diodes  and  ail  other  axial  lead 
compoaeats  for  TERMINAL  BOARDS,  PRINTED  CIRCUITS  and 
MINIATURIZED  ASSEMBLIES. 


The  "PIG-TAILOR”  plus  "SPIN-PIN"— accurately 
MEASURES,  CUTS,  BENDS,  EJECTS  &  ASSEMBLES 
both  leads  simultaneously  to  individual  lengths 
and  shapes — 3  minute  set-up — No  accessories — 
Foot  operated — 1  hour  training  time. 


PIG-TAILORING  provides: 

1.  Uniform  component  position. 

2.  Uniform  marking  exposure. 

3.  Miniaturization  spacing  control. 

4.  **$’*  leads  for  terminals. 

5.  *'U’*  leads  for  printed  circuits. 

6.  Individual  cut  and  bend  lengths 

7.  Better  time/rate  analysis. 

8.  Closer  cost  control. 

9.  Invaluable  labor  saving. 

10.  Immediate  cost  recovery. 


PIG-TAILORING  eliminates 


1 .  Diagonal  cutters! 

2.  Long-nose  pliers! 

3.  Operator  judgment! 

4.  90%  operator  training  time! 

5.  Broken  components! 

6.  Broken  leads! 

7.  Short  circuits  from  clippings! 

8.  65%  chassis  handling! 

9.  Excessive  lead  tautnessi 

10.  Haphazard  assembly  methods! 


[/#  *  Close-up  views  of  “SPIN-PIN” 
t.m.  illustrate  fast  assembly  of 
tailored-lead  wire  to  terminal. 


•  PATENT 
PENDING 


Write  for  illustrated,  descriptive  text  on  ‘'^‘PIG-TAILORING*'  to  Dept.  S-12 
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USTR 
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operational  requirement.” 

Establishment  of  the  formal  opera¬ 
tional  requirement  document  is  one 
of  several  procedural  steps  which  is 
required  in  the  control  of  material 
procurement  for  the  operating  forces 
of  the  Navy.  In  response  to  the 
operational  requirement,  the  cogni¬ 
zant  technical  bureau  of  the  Navy, 
such  as  the  Bureau  of  Ships,  prepares 
a  recommended  Technical  Develop¬ 
ment  Plan  and  includes  proposed  de¬ 
velopment  characteristics  for  equip¬ 
ment  and  systems  which  will  meet  the 
requirement.  If  approved  by  the 
Chief  of  Naval  Operations,  the  Tech¬ 
nical  Development  Plan  and  develop¬ 
ment  characteristics  are  promulgated 
to  the  cognizant  technical  bureau  for 
implementation. 

The  development  cycle  leads  to  the 
development  of  prototype  material 
and  equipment,  which  is  accom¬ 
plished  under  the  direction  of  the 
technical  bureau.  Throughout  the 
development  phase,  effective  coordi¬ 
nation  between  the  Chief  of  Naval 
Operations  and  the  bureau  involved 
is  necessary  to  insure  close  adherence 
to  the  desired  objective. 

Evaluations 

The  prototype  material  and  equip¬ 
ment  is  then  manufactured  in  suffi¬ 
cient  quantity  only  to  provide  for 
evaluation.  The  evaluation  usually 
is  in  two  phases,  namely,  technical 
evaluation  and  operational  evaluation, 
and  they  should  be  accomplished  in 
that  order. 

The  purpose  of  the  technical  evalu¬ 
ation  is  to  determine  by  engineering 
tests  the  ability  of  the  prototype  to 
meet  the  technical  requirements,  and 
to  determine  the  suitability  of  me¬ 
chanical,  electrical  and  maintenance 
engineering  from  the  standpoint  of 
design  and  selection  of  components. 
This  technical  evaluation  is  accom¬ 
plished  by  the  developing  agency, 
that  is,  the  cognizant  technical  bu¬ 
reau,  assisted  by  the  operating  forces 
as  necessary,  and  is  the  means  for 
determining  whether  the  prototype 
meets  the  specifications  and  is  suit¬ 
able  for  the  next  step ;  an  operation¬ 
al  evaluation  by  the  potential  custo¬ 
mer,  the  operating  forces. 

An  operational  evaluation  is  the 
test  of  an  equipment  or  system  un¬ 
der  service  operating  conditions,  to 
determine  the  ability  of  the  equip¬ 
ment  or  system  to  meet  its  specified 
operational  performance  require¬ 
ments,  and  to  determine  its  over-all- 
suitability  for  service  use.  The  opera¬ 
tional  evaluation  is  accomplished  by 
an  operational  unit;  in  the  case  of 
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equipment  or  systems  designed  for 
shipboard  use,  by  a  unit  of  the  forces 
afloat;  in  the  case  of  material  for  use 
by  supporting  activities  ashore,  by 
one  of  those  units  ashore.  Most  of 
the  forces  afloat  type  of  operational 
evaluations  are  performed  by  the 
Operational  Development  Force,  U.S. 
Atlantic  Fleet. 

After  a  review  of  the  results  of  the 
operational  evaluation,  a  final  de¬ 
cision  as  to  the  suitability  of  an 
equipment  or  system  is  made  by  the 
Chief  of  Naval  Operations.  This 
final  approval  as  to  suitability  for 
service  use  is  a  prerequisite  to  the 
release  of  newly  developed  equip¬ 
ment  and  systems  for  production.  The 
production  phase  of  material  pro¬ 
curement  is  then  undertaken  by  the 
technical  bureau,  and  delivery  is 
scheduled  in  the  quantities  required 
to  meet  the  needs  of  the  operating 
forces. 

I  have  outlined  the  major  procedur¬ 
al  steps  that  must  generally  be  taken 
in  the  management  of  material  pro¬ 
curement  for  the  Navy’s  operating 
forces  with  the  purpose  in  mind  of 
showing,  first,  how  the  Chief  of 
Naval  Operations  fits  into  this  pic¬ 
ture,  and  second,  his  interest  in  ob¬ 
taining  the  highest  degree  of  readi¬ 
ness  in  the  fleet.  This  is  because  the 
Chief  of  Naval  Operations  has  para¬ 
mount  responsibility  for  all  matters 
which  affect  the  military  effectiveness 
of  the  operating  forces  of  our  Navy. 

Program  Requirements 

Now,  from  the  standpoint  of  the 
Chief  of  Naval  Operations,  how  is  all 
this  related  to  value  engineering? 

First — Equipment  and  systems  de¬ 
veloped  by  the  technical  bureau  and 
contractor  team  must  perform  the 
functions  that  are  necessary  to  meet 
the  requirements  of  the  Navy.  If 
those  requirements  are  not  in  fact 
met,  the  equipment  can  be  considered 
a  failure  and  any  money  spent  on  its 
procurement  would  not  be  wisely 
spent.  This  does  not  mean,  of  course, 
that  the  operators  should  not  revalu- 
ate  their  requirements,  ancT  temper 
them  when  they  can. 

Second — The  new  equipment  should 
be  a  significant  improvement  over 
that  which  the  Navy  may  now"  have 
in  use  in  the  same  general  area.  If 
it  is  not  a  significant  improvement, 
we  are  not  making  progress.  Rela¬ 
tively,  we  are  losing  ground  instead 
of  maintaining  or  enhancing  our 
readiness. 

Third  —  The  equipment  must  be 
reliable.  It  must  be  ready  to  per¬ 


form  its  function  when  needed.  Other¬ 
wise,  we  would  be  better  off  without 
it,  since  we  would  have  spent  money 
procuring  and  installing  it,  while 
wasting  valuable  space  and  weight, 
particularly  on  shipboard  or  in  air¬ 
craft. 

Fourth — It  must  be  maintainable. 
An  equipment  that  cannot  be  main¬ 
tained  by  the  operational  and  tech¬ 
nical  personnel  on  hoard  our  ships 
and  stations  is  equipment  that  cannot 
be  depended  upon  to  perform  its  func¬ 
tion  when  needed.  In  this  connection, 
we  have  had  too  many  equipments 
with  “unmaintainable”  complexity  in¬ 
troduced,  intended  to  simplify  opera¬ 
tion.  The  result  often  has  been  equip¬ 
ment  which  we  could  neither  operate 
nor  maintain. 

Fifth — Closely  related  to  its  main¬ 
tainability,  the  equipment  must  be 
such  that  it  can  be  logistically  sup¬ 
ported.  It  must  not  overburden  our 
supply  system  with  a  large  number 
of  peculiar  parts  or  make  excessive 
use  of  critical  materials. 

Sixth  and  last,  but  by  no  means 
least — The  equipment  cost  must  be 
such  that  we  can  afford  it  in  the 
quantities  needed  to  meet  the  re¬ 
quirement.  Excessive  cost  can  very 
well  mean  that  a  vital  operational  re¬ 
quirement  cannot  be  met.  In  other 
words,  excessive  cost  can  price  the 
Navy’s  material  readiness  in  a  par¬ 
ticular  area  out  of  the  market. 

I  am  glad  to  note  that  the  Bureau 
of  Ships’  Value  Engineering  Program 
places  a  much  needed  emphasis  on 
the  cost  factor,  while  at  the  same 
time,  requiring  that  the  essential 
characteristics  of  the  equipment  not 
be  adversely  affected. 

The  Bureau  of  Ships’  Value  Engi¬ 
neering  Program  is  primarily  a  tech¬ 
nical  and  contractural  matter  be¬ 
tween  the  Bureau  of  Ships  and  its 
contractors.  The  benefits  resulting 
from  this  program  are,  however,  of 
vital  interest  to  the  Chief  of  Naval 
Operations,  who,  as  I  have  indicated, 
has  paramount  responsibility  for  all 
matters  affecting  the  military  effec¬ 
tiveness  of  the  Navy. 

Lines  of  Communication 

As  I  see  it,  there  are  two  lines  of 
communications  required  for  effective 
value  engineering: 

First — between  the  office  of  the 
Chief  of  Naval  Operations  and  the 
Office  of  the  Chief  of  the  appropriate 
bureau — in  this  case,  the  Bureau  of 
Ships.  The  operational  requirements 
are  set  forth  by  the  Chief  of  Naval 

(Continued  on  page  32) 
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NAUTILUS  NOSES  UNDER  ICE  The  nuclear -powered  Submarine  NAUTILUS  has  scored  another 
first  by  spending  five  and  a  half  days  under  the  Arctic  ice  pack,  traveling  a 
distance  of  more  than  a  thousand  miles.  The  cruipe  was  made  to  obtain  data  on 
under-ice  conditions,  oceanographic  studies  of  currents  and  on  cold  weather  operations 
of  equipment  and  machinery.  As  a  result  of  this  experiment,  it  is  predicted  that 
trips  of  longer' duration  under  the  polar  ice  cap  will  become  an  actuality. 

BATTERY  VEST  A  new  battery  designated  for  Army  use  can  be  worn  as  a  vest.  The  flexi¬ 
ble  battery  supplies  power  for  a  soldier’s  portable  radio  receiver  and  transmitter 
and  works  especially  well  in  cold  regions  where  a  conventional  battery’s  life-span 
is  very  short.  The  battery  is  made  of  two  panels,  each  with  a  number  of  dry  cells 
spaced  and  insulated  from  each  other,  but  connected  to  make  up  the  battery  itself. 
The  dry  cells  are  heat-sealed  in  a  waterproof  polyethylene  plastic  and  mounted  on 
the  vest-like  garment. 

AF  RELEASES  COMMUNICATIONS-ELECTRONICS  DATA  The  U.S.  Air  Force’s  volume  of  communi- 
cat ions-electronics  data  is  now  being  converted  into  a  series  of  short  manuals  con¬ 
taining  information  on  basic  concepts,  planning  systems  and  operating  practices. 

Known  as  Air  University  Project  4736,  the  program  is  expected  to  require  from  12 
to  18  months  and  is  being  undertaken  by  Maxwell  Air  Force  Base  of  Alabama. 

ROTI  MARK  II  The  Air  Force  is  using  a  recording-optical-tracking-instrument  to 
photograph  missiles  in  the  earlier  Stages  of  their  flight.  Designated  ROTI  Mark  II, 
the  device  begins  its  tracking  duties  following  launching  operations  at  the  Missile 
Test  Center,  Cape  Canaveral,  Florida.  This  instrument  is  one  of  a  series  of  sys¬ 
tems  designed,  developed  and  built  by  Perkin-Elmer  Corp.^,  Norwalk,  Connecticut.  (A 
prototype  model  was  a  cover  feature  of  the  August  issue  of  SIGNAL. ) 

continued  development  work  on  the  NIKE-ZEUS, 
ker  Gyro  Division,  gyros,  ^138,621;  General 
tion,  $257,913.  NAVY ;  Lockheed  Aircraft 
,  $62,100,000;  Admiral  Corporation,  produc- 
00;  Stromberg-Carlson,  tactical  air  naviga- 
AIR  FORCE;  Hughes  Aircraft  Co.,  electronics 
Corp. ,  components  of  compass  systems,  spares 
9;  Remington  Rand,  Univac  computers  for 
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TOP  DEFENSE  CONTRACTOR  IN  U.S 


_ _ _ The  Boeing  Airplane  Company  has  displaced  the  Gen¬ 
eral  Motors  Corporation  as  the  No.  1  dollar  value  defense  contractor.  A  report 
issued  by  the  Pentagon,  covering  the  six  and  a  half  years  ending  last  December  31, 
showed  the  airplane  producer  in  the  top  position  for  the  first  time,  but  followed 
closely  by  the  motor  car  manufacturer. 

RADAR  PATENT  After  20  years,  a  patent  for  significant  military  and  commercial  radar 
developments  has  been  granted  to  International  Telephone  and  Telegraph  Corporation. 
Awarded  on  an  invention  by  P.F.M.  Gloess,  a  French  scientist  formerly  with  IT&T’s 
Paris  laboratories,  the  patent  covers  the  practical  form  of  radar  generally  used 
today  on  ships,  airplanes  and  for  defense  purposes.  It  is  known  as  plan  position 
indicator  (PPI)  radar.  The  disposition  of  an  entire  fleet  of  ships  can  be  shown 
on  the  face  of  a  cathode-ray  tube  and  the  exact  position  directly  read  from  the 
distance  and  angular  scales  on  the  tube.  The  invention  similarly  will  show  the 
contour  of  land  ahead  of  and  below  an  airplane,  will  draw  a  picture  of  the  coast¬ 
line  for  a  ship  approaching  at  night  or  in  fog,  or  will  reveal  the  position  of 
attacking  aircraft  or  missiles. 
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EXCHANGING  VIDEO  TAPE  PATENTS  An  agreement  for  the  exchange  of  patent  licenses 
covering  video  tape  recording  and  reproducing  systems  for  black-and-white  and  color 
has  been  signed  between  Radio  Corp.  of  America  and  Ampex  Corp.  These  systems  en¬ 
able  the  recording  on  magnetic  tape  of  scenes,  information  and  sound  for  later 
reproduction,  not  only  for  television  broadcasts,  but  also  for  other  professional 
and  commercial  purposes. 

CREI  COURSE  A  new  course,  "Control  Systems  Engineering  Technology,"  is  being  con¬ 
ducted  at  Capitol  Radio  Engineering  Institute  of  Washington,  D.C.  The  session  con¬ 
cerns  the  combined  relationship  of  servos,  computers  and  radar  in  their  varying 
applications  of  pulse  techniques.  Students  successfully  completing  the  course  at 
the  residence  school,  will  be  awarded  an  Associate  Degree  in  Applied  Science. 

5-DIMENSIONAL  COLOR  TV  The  first  closed-circuit  3-D  color  TV  system,  developed  by 
General  Electric  Co.,  of  Syracuse,  N.Y.,  allows  remote  servicing  of  reactors  used 
in  the  development  of  a  nuclear  aircraft  propulsion  system.  Including  the  first  use 
of  color  TV  with  stereo,  the  system  permits  use  of  color-coded  parts  in  reactor 
components  and  provides  the  degree  of  precise  depth  perception  required  for  the 
correct  positioning.  The  system  is  not  currently  feasible  for  the  living  room. 

—  GENERAL  — 


THE  NEW  S  LOOK  On  October  1,.  a  new  U.S.  dollar  bill  went  into  circulation — the  first 
of  new  design  in  22  years.  Identification  marks  are:  1)  The  legend  "In  God  We 
Trust"  on  the  back  of  the  bill  is  a  new  addition.  2)  "Series  1957A"  is  designated 
under  the  seal  on  the  face  of  the  bill.  3)  The  portrait  of  George  Washington 
appears  a  little  changed.  4)  The  signature  of  the  new  Secretary  of  the  Treasury, 
Robert  B.  Anderson,  appears  for  the  first  time. 

IRIA  An  Infrared  Information  and -Analysis  Center  has  been  established  at  The  Uni¬ 
versity  of  Michigan's  Engineering  Research  Institute.  Purpose  of  the  agency  is  the 
"collection,  analysis  and  proper  dissemination"  of  information  about  infrared  re¬ 
search  and  technology  with  particular  emphasis  on  military  technology.  All  data 
that  will  advance  this  program  is  collected  with  particular  attention  to  acquisi¬ 
tion  of  up-to-date  contractor  reports.  Analyzed  for  content  and  value  and  cata¬ 
logued  according  to  type  of  research  or  technology  discussed,  the  information  en¬ 
ables  IRIA  to  provide  contractors  with  proper  information  concerning  a  specific 
development  or  with  evaluative  surveys  of  broad  trends  of  research  and  development. 

NATO  SCHOLARSHIP  FUND  A  bipartisan  group  of  American  legislators  unanimously  decided 
to  triple  the  scope  of  a  proposed  NATO  science  talent  development  plan  to  meet  the 
Soviet  threat  of  the  "Sputnik  age."  The  original  plan  which  called  for  creation 
of  an  annual  NATO  scholarship  fund  of  $2  million  has  been  increased  to  approximately 
$6  million,  which  would  provide  for  about  600  new  doctorates  in  the  science  field  a 
year.  The  United  States  presently  grants  about  450  such  degrees  annually  and  the 
other  NATO  members  combined  somewhat  fewer. 

AIR  CONTROL  POSTPONED  Civil  Aeronautics  Administration  planned  to  take  over  control 
of  all  airspace  above  24,000  feet  on  November  1,  1957,  but  postponed  it  until  1 
December.  The  Navy  and  Air  Force  felt-  that  they  had  too  little  time  to  put  new 
rules  into  effect.  At  present,  the  Navy  and  Air  Force  are  the  main  users  of  the 
upper  air  space,  but  the  CAA  also  plans  to  assume  traffic  control  of  commercial  jets. 

PUBLICATION  NEWS  Interscience  Publishers,  Inc.,  has  recently  taken  over  the  distri¬ 
bution  of  the  publications  of  the  Microwave  Research  Institute  of  Brooklyn  Poly¬ 
tech.  A  listing  of  the  books  available  may  be  obtained  by  writing  to  250  Fifth 
Avenue,  N.Y.  1,  N.Y.  These  publications  include  the  Symposia  Series,  edited  by 
“Jerome  Fox,  as  well  as  the  Handbooks  of  Microwave  and  Electronic  Measurements. 

CALLING  ALL  "HAMS"  The  annual  Single  Sideband  Dinner  will  be  held  during  the  IRE 
..Convention,  Tuesday,  March  25,  1958  at  the  Hotel  New  Yorker.  Tickets  are  37.50  each 
and  can  be  obtained  from:  The  Single  Sideband  Amateur  Radio  Assn.,  Inc. — 267  Madi¬ 
son  Avenue — New  York  16,  New  York. 

■?HE_FOyRT^MTIONAL_SYMPOSIUM  ON  RELIABILITY  AND  QUALITY  CONTROL  will  be  held  January 
6,  7  and  8,  1958,  at  the  Hotel  Statler  in  Washington,  D.C.  Spme  50  outstanding  au¬ 
thorities  in  the  field  of  quality  control  and  reliability  will  present  a  "Report  to 
the  Nation"  on  the  progress  in  reliability,  covering  fields  of  reliability  in  the 
electronics  industry.  The  symposium  is  sponsored  by  IRE. 
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Ansco 


Value  Engineering 

{ (Continued  from  page  27) 
()])eratioiis.  The  technical  bureau  de¬ 
velops  equipment  and  systems  to  meet 
these  requirements.  Close  coordina¬ 
tion  must  he  maintained  to  insure 
that  the  requirement  is  realistic  and 
economically  feasible  of  accomplish¬ 
ment,  and  that  the  development  is 
proceeding  toward  the  desired  goal. 

Second — between  the  bureau  and 
the  contractor.  Here  also  close  co¬ 
ordination  must  be  maintained  to 
insure  that  the  equipment  specifica¬ 
tion  is  realistic  and  feasible  of  ac¬ 
complishment  without  excess  cost,  and 
that  the  work,  whether  design,  devel¬ 
opment  or  production,  is  proceeding 
toward  the  desired  goal  and  toward 
the  scheduled  delivery  date. 

Benefits 

In  my  opinion,  one  of  the  primary 
benefits  that  may  come  from  this 
program  is  that  a  contractor  will  be 
encouraged  to  question  a  provision  of 
a  bureau  specification  that  may  ap¬ 
pear  unrealistic,  unnecessary  or  ex¬ 
cessively  costly.  In  turn,  the  bureau 
should  feel  encouraged  to  use  the 
communication  line  to  Office  of  the 
Chief  of  Naval  Operations  to  ques¬ 
tion  an  unrealistic  or  super-expensive 
provision  in  a  requirement  or  devel¬ 
opment  characteristic.  I  think  it  will 
be  found  that  some  of  the  provisions 
mav  not  be  as  sacred  as  thev  mav 

•  my 

have  seemed  in  the  past. 

One  other  aspect  I  would  like  to 
mention,  since  it  is  particularly  perti¬ 
nent  in  my  own  field,  communica¬ 


tions.  The  communications  problem 
of  the  military  services  is  not  unlike 
that  in  the  commercial  communica¬ 
tions  field  in  many  respects.  There¬ 
fore,  whenever  it  is  practicable  to  do 
so,  it  makes  sense  and  is  good  value 
engineering  for  us  to  adapt  our 
operational  requirements  to  existing 
commercial  designs  or  production.  In 
so  doing,  we  save  money  and  we  get  a 
good  commercially  tested  and  ap¬ 
proved  product,  with  readily  avail¬ 
able  spare  parts.  This  concept  is  not 
only  applicable  in  point-to-point  com¬ 
munications  (where  our  equipment 
and  problems  are  very  similar  to 
those  of  commercial  communica¬ 
tions),  but  also,  to  some  degree,  even 
to  the  more  difficult  area  of  shipboard 
communications.  For  example,  in  or¬ 
der  to  attain  a  capability  that  could 
be  met  in  time  in  no  other  way,  the 
Navy  recently  bought  a  quantity  of 
commercial  off-the-shelf  communica¬ 
tions  equipment.  While  this  equip¬ 
ment  does  not  fully  meet  military 
kandards,  it  has  performed  surpris¬ 
ingly  well,  with  reasonable  reliability, 
and  it  is  relatively  inexpensive.  The 
highly  competitive  commercial  com¬ 
munications  field  is  a  good  proving 
ground  for  this  kind  of  equipment, 
both  far,  performance  and  dollar 
value. 

Disseminating  Information 

Value  engineering  is  a  relatively 
new  factor  in  Navy-industry  relations. 
It  is  imperative,  therefore,  that  more 
and  more  information  on  value  engi¬ 
neering  be  disseminated  so  that  the 


Navy  and  industry,  together,  may 
benefit  from  its  many  applications 
through  better  understanding  of  the 
Navy’s  goals. 

Looking  Forward  to  the  Future 

{Continued  from  page  20) 

The  data  link  subsystem  consists 
of  the  various  means  of  communica¬ 
tions  used  in  transmitting  instantan¬ 
eously,  to  a  central  station,  the  in¬ 
formation  collected  by  devices  in 
manned  or  unmanned  (drone)  air¬ 
craft  from  distances  equivalent  to  the 
ranges  of  our  modern  weapons. 

The  processing  subsystem  will  em¬ 
ploy  automatic  data  processing  equip¬ 
ment,  tailored  to  fit  evaluation,  col¬ 
lation  and  storage  requirements  at 
all  military  echelons.  Field  Army  to 
battle  group. 

The  display  subsystem  is  that  por¬ 
tion  of  the  surveillance  system  used 
to  display  to  the  commander  and  his 
staff  useable  information  or  .  intelli¬ 
gence  in  an  effective  manner  com¬ 
mensurate  with  the  requirements  at 
his  headquarters. 

A  very  important  portion  of  com¬ 
bat  surveillance  functions  is  target 
acquisition.  Research  and  develop¬ 
ment  continues  to  be  active  in  this 
field  to  improve  the  target  acquisition 
and  location  capability  to  enable 
modern  weapons  of  the  LaCrosse. 
Honest  John,  Corporal,  Sergeant  and 
Redstone  class  to  fire  upon  a  target 
with  first  round  hit  or  kill  and  to 
the  limit  of  their  ranges  under  all 
weather  and  visual  conditions. 


STOCKPILE  issue 

N. 

hi 

Never  in  the  history  of  our  country  have  the  “5  Big  M’s” — Money. 
Man  power.  Materials,  Manufacturing  and  Management — in  national 
security  and  their  interrelationship  with  the  military,  psychological, 
economic  and  educational  factors  been  as  important  as  they  are  today. 
The  stockpiling  of  this  information  among  other  information  in  the 
communications  and  electronics  field  is  indicative  of  the  objectives  of 
the  Armed  Forces  Communications  and  Electronics  Association.  This 
is  the  background  and  the  thinking  behind  SIGNAL’S  special  “Stock¬ 
pile  Issue”  coming  in  January,  1958 — a  publication  which  should 
interest  everyone. 

THE  EDITOR 
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BY  LEE  LEVITT 

Engelhard  Industries 


Applying  the  facilities  and 
skills  of  a  widely  diversified  group 
of  metals  and  electrical  manufactur¬ 
ing  firms  to  military  research  and 
development  is  the  complex  task  of 
Engelhard  Industries’  newly  formed 
Military  Service  Division,  headed  by 
Milton  M.  Waller. 

Headquartered  in  Newark,  N.  J., 
Engelhard  Industries  has  ten  manu¬ 
facturing  subsidiaries  in  the  United 
States — Baker  &  Co.,  D.  E.  Make¬ 
peace  Co.,  The  American  Platinum 
Works,  The  H.  A.  Wilson  Company, 
Hanovia  Chemical  &  Mfg.  Co.,  Amer- 
sil  Co.,  Irvington  Smelting  &  Refining 
Works,  National  Electric  Instrument 
Co.,  Azoplate  Inc.  and  Charles  Engel¬ 
hard,  Inc.  It  also  has  a  substantial 
interest  in  Nuclear  Corporation  of 
America  and  extensive  operations  in 
Canada  and  overseas. 

These  firms  design  and  manufac¬ 
ture  a  wide  range  of  precision  equip¬ 
ment  with  military  applications — am¬ 
meters,  transformers,  galvanometers, 
anemometers,  electrical  contact  sub- 
assemblies,  timers,  ultraviolet  meters, 
ignitors,  mechanical  fuses,  cathodic 
anti-corrosion  systems  for  ships, 
boiler  level  gauges,  crystal  mixers, 
duplexers,  waveguides,  quartz  cavi¬ 
ties  and  delay  lines,  gas-discharge 
lamps  of  many  kinds,  thermocouples, 
resistance  thermometers,  optical  de¬ 
vices,  gas  analysis  systems,  gas  gen¬ 
erators  and  purifiers,  antennas,  rup¬ 
ture  discs,  spinnerettes,  and  uraniilm- 
reactor  components,  radioactive  iso¬ 
topes  and  many  other  items. 

In  addition,  they  produce  such 
basic  materials  as  metal  strip,  tubing, 
wire,  clad  and  laminated  metals, 
brazing  alloys  and  fluxes,  electrical 
contact  materials,  thermostatic  bi¬ 
metal,  constant-modulus  alloys,  chem¬ 
ical  catalysts  and  optically  clear 
quartz. 

Offhand,  it  might  appear  relatively 
simple  to  steer  an  industrial  organi¬ 
zation  with  these  capabilities  into  the 
main  stream  of  military  research  and 
development.  It  is  not  quite  that 
easy,  however,  according  to  Mr 
Waller. 

“To  begin  with,  the  fundamental 
philosophy  of  military  research  is 


different,”  he  says.  “The  Armed 
Forces  do  not  take  the  ‘marketing’ 
approach  our  people  are  accustomed 
to  encountering  in  straight  commer¬ 
cial  sales.  The  emphasis  is  on  sjrin- 
gent  specifications,  foolproof  opera¬ 
tion  under  every  conceivable  condi¬ 
tion,  and  ease  of  maintenance,  rather 
than  upon  potential  markets  and  end 
price.” 

He  hastens  to  explain  that  he  has 
found  the  Federal  Government  and 
its  prime  contractors  to  be  quite  cost- 
conscious,  but  in  a  different  way 
from  private  companies. 

“In  straight  commercial  operations, 
cost  is  not  only  important,  but  often 
utterly  controlling— no  matter  how 
good  it  is,  the  product  may  be  unable 
to  find  a  market  if  it  passes  out  of  a 
certain  cost  bracket.  In  other  words, 
the  aim  is  to  produce  as  good  a  prod¬ 
uct  as  possible  within  a  certain  cost. 
In  most  military  contracts,  however, 
the  aim  is  to  develop  as  cheaply  as 
possible  a  product  which  meets  cer¬ 
tain  inflexible  specifications.  The  dif¬ 
ference  between  the  two  approaches 
is  slight  in  some  cases,  but  in  others 
it  is  of  great  practical  importance.” 

He  points  out  that  some  companies 
—  notably  those  closely  connected 
with  the  aircraft  industry — grew  up 
on  military  contracts,  so  that  their 
engineers  are  imbued  with  the  spirit 
of  military  research.  “Most  of  the 
Engelhard  companies,  however, 
reached  maturity  long  before  World 
War  1 1,  and,  although  they  have 
handled  many  Government  contracts 
over  the  past  20  years,  they  have 
never  devoted  themselves  primarily 
to  work  of  this  kind.  Thus,  there  is 
definite  need  for  a  coordinating  agen¬ 
cy  between  them  and  the  Armed 
Forces.” 

The  sales  staffs  of  the  various  com¬ 
panies  handle  by  themselves  all  Gov¬ 
ernment  contracts  for  more  or  less 
standard  items.  The  Military  Service 
Division  handles  only  those  jobs 
“where  there  is  no  product  as  yet — 
in  which  the  whole  idea  is  to  come 
up  with  something  new.  If,  after 
research  and  development,  the  item 
becomes  standard,  the  Division  drops 
out  of  the  picture.” 


Milton  M.  Waller, 
Military  Services 
Division  Head 


One  of  Mr.  Waller’s  problems  is 
the  very  diversity  of  the  Engelhard 
family,  and  the  fact  that  the  com¬ 
panies’  operations  overlap  to  a  cer¬ 
tain  extent.  His  office  must  decide 
which  company  should  handle  what 
project.  Sometimes  the  job  is  split 
between  several  of  them. 

Once  the  Military  Service  Division 
has  the  details  on  a  proposed  con¬ 
tract,  it  helps  the  chosen  Engelhard 
company  or  companies  develop  a  de¬ 
tailed  proposal,  and  submits  this 
through  the  proper  governmental 
channels.  After  the  contract  is 
awarded,  the  Division  handles  all 
paper  work  and  coordinates  all  com¬ 
munication  between  Engelhard  scien¬ 
tists  and  the  procuring  agency.  On 
“crash”  jobs,  it  helps  secure  letters 
of  intent  or-other  documents  which 
will  speed  things  up.  Thus,  the  mili¬ 
tary  agency  and/or  major  contractor 
does  not  have  to  deal  with  salesmen 
or  engineers  who  do  not  understand 
their  procedures  and  problems,  and 
Engelhard  research  personnel  are 
freed  of  responsibility  for  negotiation. 

Since  the  Division  was  set  up  18 
months  ago,  it  has  secured  and  man¬ 
aged  some  400  projects.  Many  were 
direct  contracts  with  the  Armed 
Forces.  Others  were  subcontracts 
from  such  companies  as  General 
Electric,  Sperry,  Western  Electric, 
Convair  and  Eastman  Kodak. 

A  mechanical  engineer  with  a 
Master’s  Degree  in  Industrial  Engi¬ 
neering,  Mr.  Waller  has  served  with 
various  Engelhard  companies  for  15 
years.  At  one  time,  he  headed  the 
Instrument  Division  of  Baker  &  Co. 
He  coordinated  Engelhard’s  military 
contract  work  on  an  impromptu  basis 
for  several  years  before  the  Division 
was  set  up  officially. 

The  Division  now  has  oflEces  in 
Newark,  Washington,  Dayton  and 
Boston.  The  Newark  oflSce  handles 
most  of  the  subcontracts.  The  Bos¬ 
ton  office  works  with  the  Air  Force’s 
Rome  (N.Y.)  and  Cambridge  (Mass.) 
Air  Development  Centers,  and  the 
Dayton  office  with  the  Wright  ADC. 
The  Washington  office  handles  work 

{Continued  on  page  47) 
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Army  Requirements  in  Basic 
and  Applied  Electronic  Research 

by  Dr.  H.  J.  Merrill,  U.S.  Army  Sigi^al  Engineering  Laboratories,  Fort  Monmouth,  N.J. 


The  Army  Signal  Corps  has  e\- 
joyed  a  long  and  profitable  associa¬ 
tion  with  the  commercial  world  since 
the  inception  of  the  modern  Corps 
at  the  dawn  of  the  electronic  age.  In 
many  cases,  its  activity  has  been  the 
ferment  that  has  contributed  to  our 
country’s  electronic  growth.  In  an 
attempt  to  maintain  contact  in  the 
expanding  economic  horizons  of  our 
world,  it  has  been  necessary  to  ac¬ 
celerate  the  development  of  commu¬ 
nications.  We  point  with  justifiable 
pride  to  the  Signal  Corps’  role  in 
the  development  of  wire  telegraph, 
radio,  meteorological  systems,  avia¬ 
tion,  radar,  computer  techniques,  and 
the  “Missile  Master,”  all  of  which 
have  contributed  to  the  growth  pat¬ 
terns  of  industry. 

The  association  of  commercial  in¬ 
terests  with  the  Department  of  De¬ 
fense,  assisted  greatly  by  the  pressure 
of  forceful  military  leaders,  is  the 
most  responsible  factor  in  the  accep¬ 
tance  of  the  research  philosophy  and 
the  prosecution  of  a  large  relative 
effort  in  research  and  development. 
This  acceptance  of  the  application  of 
research  has  made  possible  the  re¬ 
cent  industrial  expansion  of  our 
country.  A  new  industrial  revolu¬ 
tion,  much  more  drastic  than  the  old 
one  and  loaded  with  implications  of 
a  vast  changing  world,  has  taken 
place  since  the  beginning  of  the  Kor¬ 
ean  War  in  June  1950.  Our  horizons 
have  expanded  at  an  accelerated  pace 
due  to  the  generous  application  of 
research  to  everyday  problems.  It  is 
a  change  which  may  be  described 
scientifically  as  a  change  in  research 
methods.  We  now  have  access  to  elec¬ 
tronic  computers  which  permit  the 
solution  of  problems  unhampered  hv 
the  setting  of  limitations  in  the  bound¬ 
ary  conditions  which  we  formerly 
needed  in  order  to  perform  the  math¬ 
ematical  processes.  This  in  itself  ex¬ 
plains  our  ability  to  extend  our  re¬ 
search  many  orders  of  magnitude  be¬ 


yond  standard  conditions.  We  be¬ 
come  scientific  explorers  in  a  vast 
new  area  beyond  our  standard  envi¬ 
ronment.  The  new  industrial  revolu¬ 
tion  represents  a  substantial  effort  in 
research  and  great  initial  foresighted¬ 
ness  in  its  application  to  our  prob¬ 
lems. 

Revolution  in  Army 
Adaptations 

The  Signal  Corps  is  a  technical 
service  for  the  Army,  which  is  the 
user  or  recipient  of  the  military  re¬ 
search.  The  Army  is  also  going 
through  a  revolution.  All  students  of 
tactics  and  strategy  see  the  vital  im¬ 
portance  of  the  right  sort  of  an  Army 
in  any  future  conflict.  To  he  effec¬ 
tive  in  this  industrial  age,  the  Arm) 
has  to  develop  new  concepts  and  new' 
organizations  in  which  an  army  unit 
has  the  capability  for  sustained  com¬ 
bat  air  transportability  and  battle¬ 
field  mobility.  According  to  the 
Army  Information  Digest^  the  new' 
Army  must  he  based  on  these  four 
principles:  First,  adaptability  to  the 
requirements  of  the  atomic  battle¬ 
field;  second,  utilization  of  equip¬ 
ment  at  the  higher  echelon;  third, 
recognition  of  increased  span  of  con¬ 
trol,  which  is  possible  through  mod¬ 
ern  signal  communications,  and 
fourth,  adaptation  to  the  new^  and 
better  material  as  it  is  developed. 

The  Army’s  future  battle  area  will 
have  a  greater  breadth  and  depth 
and  the  units  will  be  dispersed  in 
smaller  groups  to  avoid  presenting 
large  targets  to  enemy  atomic  weap¬ 
ons.  The  application  of  personnel  will 
he  drastically  changed  to  fit  the  tech¬ 
nological  changes.  Since  fire  power 
has  increased  out  of  proporation  w  ith 
other  capabilities,  more  effort  will  he 
applied  to  mobility  and  communica¬ 
tion.  Although  the  number  of  com¬ 
bat  troops  will  he  greatly  reduced, 
the  Signal  Unit,  along  w  ith  other  sup¬ 


port  troops,  will  he  enlarged.  Upon 
examination  of  the  four  principles 
mentioned  before,  the  importance  of 
electronics  and  communications  is 
apparent.  They  are  prime  factors  in 
each  of  the  four  principles.  Imple¬ 
mentation  of  the  new  Army  presents 
a  great  challenge  in  providing  the 
surveillance,  the  communications  and 
information  for  the  tactical  and  stra¬ 
tegic  disposition  of  the  units. 

These  then  are  the  specific  prob¬ 
lems  of  the  electronic  requirements 
in  the  Army  which  are  priiTiarily  in 
the  areas  of  communication  and  con¬ 
trol.  Since  a  communication  or  con¬ 
trol  system  always  requires  some  type 
of  intelligence  as  an  input,  the  elec¬ 
tronic  problem  is  closely  allied  with 
other  problems  of  accomplishing  the 
mission  of  the  Army.  In  this  age. 
the  input  and  output  systems  are  pri¬ 
marily  interested  in  electronic  tech¬ 
niques.  It  should  he  borne  in  mind 
that  there  are  forms  of  intelligence 
other  than  voice  communication 
which  now  affect  the  communication 
load  and  spectrum.  We  are  faced 
with  the  dilemma  that  wire  transmis¬ 
sion  is  fixed  and  difficult  to  maintain, 
but  at  the  same  time  radio  presents 
difficulties  in  the  problems  of  inter¬ 
ference  and  propagation. 

Keystone  to  Increased  Capacity 

Basic  research  coupled  with  imagi¬ 
nation  are  needed  to  develop  new' 
communications.  We  cannot  achieve 
them  by  a  routine  exploitation  of 
existing  techniques.  New  reliability 
must  be  provided  in  order  to  link 
mobile  units.  Greater  communication 
capacity  must  he  provided  for  the 
additional  intelligence  load.  Applied 
research  is  required  to  develop  an¬ 
tennas  that  will  he  less  bulky  and  will 
transmit  in  narrower  beams.  Also, 
applied  research  is  needed  to  use  bet¬ 
ter  the  modes  of  })r()pagation  that 
have  been  established. 
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The  new  mobile  Army  must  see 
beyond  the  horizon  because  the  cen¬ 
ters  of  the  Army  units  will  be  dis¬ 
persed  in  depth.  The  Army  must 
maintain  an  electronic  surveillance  by 
inspecting  the  surrounding  area  for 
enemy  movements  and  must  main¬ 
tain  control  of  a  large  area  from 
these  localized  centers.  The  develop¬ 
ment  of  area  weapons  has  now  prog¬ 
ressed  to  the  point  that  weapon  con¬ 
trol  of  great  areas  is  possible.  Un¬ 
fortunately,  surveillance  control  has 
not  kept  pace  with  this  development. 
Again,  considerable  imagination 
must  be  expressed  in  our  basic  re¬ 
search  and  brand  new  surveillance 
techniques  must  be  devised.  The 
problem  of  maintaining  surveillance 
control  is  complicated  by  the  neces¬ 
sity  of  developing  location  devices 
which  will  be  capable  of  recognizing 
and  identifying  the  target  at  the 
same  time.  Most  conventional  surveil¬ 
lance  devices  require  line- of- sight. 
However,  in  the  new  Army,  we  have 
the  necessity  of  extending  our  hori¬ 
zons  far  beyond  line-of-sight.  This  is 
a  challenging  problem. 

In  the  establishment  of  new  basic 
research  and  especially  in  applied  re¬ 
search,  the  keystone  often  becomes 
the  development  of  new  components 
and  devices.  A  considerable  effort, 
therefore,  is  required  to  maintain  tbe 
research  and  development  of  new  com¬ 
ponents  and  devices.  Actually,  the 
military  has  sponsored  much  of  the 
tremendous  effort  devoted  to  compo¬ 
nents  and  interest  in  this  field  is  in¬ 
creasing  daily.  Although  the  develop¬ 
ment  of  solid-state  devices  such  as 
transistors,  which  are  useable  at 
higher  frequencies  and  temperatures, 
is  actively  sponsored,  further  exten¬ 
sions  must  be  accomplished.  The  ac¬ 
tivities  in  nuclear  and  atomic  reso¬ 
nance  in  the  development  of  the 
MASER  (Microwave  Amplificalion 
by  Stimulated  Emission  of  Radia¬ 
tion)  give  promise  of  new  communi¬ 
cation  techniques,  although  I  am  sure 
that  we  cannot  predict  at  the  present 
time  just  what  turn  these  develop¬ 
ments  will  take.  It  is  certainly  a  rich 
field,  a  product  of  basic  research 
which,  in  the  next  five  to  ten  years, 
will  have  most  gratifying  applica¬ 
tions.  In  connection  with  the  electro¬ 
magnetic  spectrum,  the  laboratories 
also  have  an  interest  in  the  develop¬ 
ment  of  detectors  in  the  radiac  field, 
and  possibly  some  applications  of 
gamma  radiation  and  neutron  en¬ 
ergy  may  be  applied  to  our  commu¬ 
nication  and  surveillance  problems. 

The  complex  and  far-reaching  sup¬ 
ply  lines  of  the  modern  Army  re¬ 
quire  that  logistic  information  be 


made  available  from  the  factory  to 
the  supply  services  to  the  combat 
unit.  The  problem  of  supplying  re¬ 
placement  parts  and  expendable  sup- 
lies  has  always  been  extremely  diffi¬ 
cult  to  solve  under  combat  condi¬ 
tions.  To  cite  an  example,  in  World 
War  II,  we  had  considerable  com¬ 
plaints  from  the  field  to  the  effect 
that  replacement  supplies  were  not 
available  for  our  sound  ranging 
equipment.  This  was  surprising  be¬ 
cause  we  had  shipped  great  quanti¬ 
ties  overseas.  Finally,  we  sent  an  en¬ 
gineer  over  to  trace  these  supplies. 
He  finally  reached  a  point  in  the 
Netherlands  where,  according  to,  the 
records,  the  supplies  were  stored.  He 
queried  the  harried  Supply  Officer 
who  said,  yes,  he  had  them,  then  took 
our  engineer  out  to  a  pile  of  boxes 
100  feet  high,  100  yards  wide  and  a 
mile  long  and  said,  “They  are  in 
there.”  As  you  may  well  imagine,  the 
loading  of  such  supply  pipe  lines  be¬ 
comes  very  expensive  and  to  make 
it  worse,  does  not  fulfill  its  function. 
With  the  development  of  modern 
comunications  and  transportation  and 
the  application  of  new  electronic  data 
processing  systems,  we  look  forward 
in  our  applied  research  to  eliminat¬ 
ing  static  supply  depots  and  cutting 
down  on  the  quantity  of  depots  re¬ 
quired,  thereby  making  the  supplies 
more  rapidly  available. 

Man  Power ^  Mobility  and  Money 

We  are  interested  in  computer  ac¬ 
tivities  as  a  great  assistance  and  saver 
of  man  power  in  our  basic  and  ap¬ 
plied  research  activities.  We  are  also 
looking  forward  to  the  development 
of  special  purpose  computers  for  solv¬ 
ing  our  surveillance  and  communica¬ 
tion  problems.  As  the  trend  in  the 
growth  of  electronic  instrumentation 
increases,  and  as  the  electromagnetic 
spectrum  is  more  fully  .utilized,  the 
problems  of  electromagnetic  space 
become  magnified,  the  probleui  of  re¬ 
liability  is  increased,  and  the  ability 
to  take  countermeasures  against  the 
system  increases.  Our  interest  in 
countermeasures  and  counter -coun¬ 
termeasures  is  easily  recognized. 
With  the  expansion  of  electronic 
technology  in  other  countries,  the 
problem  takes  on  increased  serious¬ 
ness. 

The  Signal  Corps,  both  in  its  in¬ 
ternal  program  and  through  external 
contracts,  has  had  a  long-term  inter¬ 
est  in  meteorological  instrumentation. 
Although  cognizant  long-range  mete¬ 
orological  forecasts  reside  with  the 
Air  Force,  the  effects  of  meteorologi¬ 
cal  conditions  become  more  impor¬ 
tant  insofar  as  they  affect  Army  mo¬ 


bility,  surveillance,  and  long-range 
fire  power. 

There  is  an  increasing  requirement 
to  establish  a  local  area  forecasting 
ability  and  a  better  understanding  of 
the  local  effect  due  to  mass  meteor¬ 
ological  movements.  In  establishing 
the  use  of  meteorological  data,  it  be¬ 
comes  apparent  that  a  knowledge  of 
the  mass  meteorological  conditions  is 
more  important  than  a  single  local 
meteorological  measurement.  There 
is  an  increasing  awareness  of  the  ef¬ 
fect  of  mass  effects  so  that  true  mete¬ 
orological  corrections  can  be  made 
for  local  fire  control  purposes.  There 
is  great  opportunity  to  establish  me¬ 
teorological  measurements  by  using 
ground-based  instruments  rather  than 
by  sending  up  sounding  instruments 
into  the  atmosphere  by  balloons  or 
rockets.  For  instance,  a  radar  study 
of  the  ionospheric  motion  may  be  re¬ 
lated  to  the  weather  by  using  the  re¬ 
sults  thereof  to  determine  the  posi¬ 
tion  of  weather  fronts  and  to  deter¬ 
mine  the  mass  weather  effects. 

Considering  the  principles  of  the 
new  Army  and  the  areas  of  responsi 
bility  of  the  Signal  Corps,  we  may 
develop  the  objectives  of  the  future 
basic  and  applied  research,  although 
we  should  not  speak  too  finely  of  an 
objective  with  respect  to  basic  re¬ 
search. 

One  of  the  first  considerations  and 
one  of  the  most  troublesome  prob¬ 
lems  is  the  saving  of  man  power. 
Studies  have  proved  that  the  man 
with  the  high  IQ  makes  the  best  com¬ 
bat  soldier.  Unfortunately,  this  is 
practically  an  impossible  situation 
for  there  are  not  enough  high  IQ 
men  to  go  around.  Our  ultimate  ob¬ 
jective  is  to  furnish  equipment  which 
saves  this  man  power.  Obviously,  it 
is  not  satisfactory  to  have  equipment 
which  replaces  one  soldier  if  it  takes 
one  engineer  to  keep  it  operating. 

The  next  requirement  is  to  provide 
instruments  that  will  perform  func¬ 
tions  for  which  there  is  nothing  avail¬ 
able  at  the  present  time.  We  need  to 
extend  the  spectrum  of  time  and 
space  for  each  area  of  interest  of 
the  battlefield  in  the  expanded  con¬ 
cept.  One  of  the  most  neglected  things 
in  the  Army  has  been  mobility.  We 
need  to  be  able  to  move  our  combat 
troops  quickly,  and  to  know  where 
they  are  and  what  they  are  doing. 
While  the  movement  of  the  troops  is 
not  an  electronic  responsibility,  it  is 
the  big  responsibility  of  electronics 
and  of  communications,  to  know 
where  the  combat  units  are,  what  they 
are  doing,  and  to  see  that  they  get  the 
required  support.  In  recent  maneu¬ 
vers  that  I  attended,  in  which  large 
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numbers  of  tanks  employed,  it 

became  quite  apparent  that  we  are 
going  to  have  insoluble  difficulties 
with  that  old  reliable  telephone  line, 
for  tanks  are  very  efficient  wire  col¬ 
lectors.  They  can  wind  miles  on  their 
treads  with  no  effort  at  all. 

Finally,  there  is  the  economic  prob¬ 
lem  which  is  also  of  great  importance 
commercially,  that  is,  electronic 
equipment  must  make  things  cheap¬ 
er.  It  must  be  more  efficient  and  save 
at  all  points  in  the  supply  line,  in 
production,  and  in  material  and  la¬ 
bor  costs.  General  Gavin,  our  Chief 
of  Research  and  Development  in  the 
Army,  in  describing  basic  and  ap¬ 
plied  research,  stated:  “A  majority  of 
work  is  executed  by  contract  with  in¬ 
dustry,  universities,  and  non-profit 
organizations.  A  lesser  portion  of 
the  research  and  development  effort 
is  performed  within  Army  laborator¬ 
ies  in  order  to  maintain  the  level  of 
competence  for  effective  quality  con¬ 
trol  of  contracts,  and  to  carry  out 
such  functions  as  requirements  for¬ 
mulation,  development  planning,  fea¬ 
sibility  determination,  testing,  and 
evaluation.”  Under  this  charter  from 
our  Chief,  I  would  like  to  comment 
that  research  and  development  at  the 
present  time  is  not  efficient,  and  costs 
are  too  high.  Defense  industry  must 
accept  its  part  of  the  responsibility 
for  the  national  budget.  Although 
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there  are  many  responsible  contrac  ¬ 
tors,  there  are  also  those  who  do  not 
appear  to  accept  contractual  commit¬ 
ments  seriously.  Many  of  the  propo¬ 
sals  and  activities  submitted  for  ap¬ 
proval  are  repetitive  and  inconsequen¬ 
tial.  Often,  when  in  the  course  of  a 
contract  it  appears  that  nothing  of 
consequence  will  develop,  it  becomes 
unduly  costly  to  get  an  agreement  to 
terminate  the  activity. 

Avenues  to  Avoid 

For  a  long  time  the  Signal  Corps 
was  a  salient  for  the  use  of  fixed- 
price  contracts  in  the  Government. 
Because  of  defects  in  the  fixed-price 
instrument,  cost-plus-fixed-fee  con¬ 
tracts  have  been  written.  However,  it 
appears  that  we  have  jumped  from 
the  fire.  In  the  first  place,  many  of 
the  bids  received  do  not  even  come 
close  to  representing  the  final  cost  of 
the  contract.  It  is  embarrassing  for 
a  unit  in  our  laboratory  with  a  three 
billion  dollar  budget  to  receive  a 
three-quarter  million  dollar  over-run 
on  a  one-quarter  million  dollar  con¬ 
tract.  (This  actually  happened.)  The 
other  defect  is  the  almost  universal 
failure  to  meet  specified  contractual 
delivery  dates.  Although  the  cost- 
plus-fixed-fee  contract  allows  great¬ 
er  contract  flexibility,  it  does  not 
have  the  right  kind  of  incentive.  It 
would  be  better  to  have  a  positive  in¬ 
centive,  which  pays  a  bonus  for  su¬ 
perior  performance,  instead  of  the 
negative  incentive  which  allows  a 
poor  performance  to  continue  in¬ 
definitely. 

Those  of  us  old  enough  to  remem¬ 
ber  back  before  the  Korean  War  may 
recall  that  the  country  developed  a 
surplus  of  engineers  because  of  a 
cutback  in  research  effort.  This  must 
not  happen  again.  Since  basic  re¬ 
search  is  very  long  term,  we  should 
profit  by  history’s  example  and  plan 
for  the  future;  we  cannot  let  the  ef¬ 
fort  lag  oi*  fluctuate.  Some  method 
of  funding  must  be  found  whether  it 
is  from  the  Federal  budget  or  other¬ 
wise.  Research  funded  directly  by 
the  Federal  Government  has  found 
application  in  all  facets  of  industrial 
production;  our  economy  has  been 
reaping  the  benefits  of  the  research 
and  development  program.  The  prof¬ 
its  have  been  most  gratifying  not 
only  in  their  military  application  but 
also  in  the  innumerable  applications 
of  the  research  to  our  everyday  liv¬ 
ing. 

With  the  above  statement  of  re¬ 
quirements  and  needs,  it  will  proba¬ 
bly  interest  you  to  learn  the  methods 
by  which  the  programs  of  basic  and 
applied  research  are  carried  out.  The 


Signal  Corps  maintains  a  small  inter¬ 
nal  basic  research  program  in  which 
investigations  are  made  to  acquaint 
our  personnel  with  new  developments 
in  the  field,  and  to  contribute  as 
much  to  that  field  as  our  capabilities 
will  allow.  The  Signal  Corps  also  car¬ 
ries  on  an  internal  applied  research 
program  largely  for  the  same  pur¬ 
pose.  The  laboratories  have  also 
served  as  a  crash  facility  and  have 
participated  in  newly  established  in¬ 
vestigation  efforts  in  connection  with 
such  things  as  the  atomic  bomb, 
guided  missile  activity,  Arctic  propa¬ 
gation  and  meteorological  research. 
It  has  participated  on  a  crash  basis 
in  various  Army  maneuvers  in  which 
an  attempt  was  made  to  establish  re¬ 
quirements  by  demonstrating  in  the 
field  new  techniques  which  may  be 
applicable  to  the  Army  problem. 

One  of  the  most  rewarding  activ¬ 
ities  with  respect  to  basic  research 
has  been  participation  with  the  Air 
Force  and  the  Navy  in  joint  research 
contracts  placed  largely  with  univer¬ 
sities.  The  extension  of  these  joint 
contracts  to  other  organizations  has 
been  taking  place  recently. 

Most  of  the  basic  research  and 
much  applied  research  is  carried  out 
with  commercial  concerns.  Contracts 
are  often  placed  initially  on  a  com¬ 
petitive  basis,  although  it  is  difficult 
to  establish  a  real  competitive  situa¬ 
tion  on  the  basis  of  a  loosely  drawn 
specification,  as  is  usually  the  case 
with  research  specifications.  On  a 
competitive  bid,  an  attempt  is  made 
to  evaluate  the  quality  and  amount 
of  manpower  applied  to  the  immedi¬ 
ate  problem  under  consideration. 

The  problem  of  fulfilling  the  ob¬ 
jectives  which  have  been  outlined  re¬ 
quires  the  application  of  energy  and 
imagination.  Too  many  contracts 
which  have  been  labeled  “Study”  are 
carried  out  where  one  tends  to  forget 
that  study  is  the  tool  of  research,  not 
the  end.  The  end  of  basic  research 
is  invention,  classification  and  ex¬ 
ploration.  We  are  getting  too  many 
tools  and  not  enough  end-production 
invention.  The  basic  research  is  a 
long-term  proposition  which  finally  is 
the  only  instrument  that  will  lead  to 
the  solution  of  our  problems.  If  we 
don’t  apply  continuity  of  effort  to  the 
long  term  problems,  we  will  find  our 
energy  dissipated  in  a  series  of  in¬ 
terim  steps  in  which  the  advance 
from  step  to  step  is  not  significant. 
The  fundamental  factors  that  make 
for  research  growth  are  the  thoughts 
and  the  ideas.  In  the  words  of  Schil- 
ler,  “It  is  the  spirit  itself  which  fills 
the  body.” 
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POMSEE  Puts  Them 
To  Work 


by  J.  R.  Jackson,  RCA  Service  Co.,  Inc. 

4 


The  Navy,  like  other  military 
Services,  is  faced  with  the  modern- 
day  maintenance  problem  resulting 
from  complex  equipment  and  the 
need  for  correspondingly  longer  train¬ 
ing  schedules.  The  percentage  of  time 
that  must  be  spent  in  training  to  at¬ 
tain  maintenance  proficiency  on  any 
electronic  equipment  is  high.  There¬ 
fore,  only  a  short  time  remains  during 
an  enlistment  when  a  man’s  services 
can  be  used  operationally. 

A  simplified  maintenance  plan  for 
shipboard  electronics  equipment  is 
being  used  successfully  by  the  Bu¬ 
reau  of  Ships.  The  POMSEE  pro¬ 
gram  (Performance,  Operation,  and 
Maintenance  Standards  for  Electron¬ 
ics  Equipment)  has  been  developed 
and  evaluated  as  an  answer  to  the 
maintenance  problem. 

The  Basic  Plan 

Since  a  large  percentage  of  main¬ 
tenance  man-hours  is  spent  in  check¬ 
ing  and  testing  electronics  equipment, 
the  use  of  relatively  unskilled  per¬ 
sonnel  for  this  work  seems  logical. 
Thus,  a  greater  percentage  of  the 
time  of  experienced  personnel  could 
be  released  for  troubleshooting,  criti¬ 
cal  adjustment,  and  the  final  setting 
up  after  repair.  Also,  with  more  time 
available,  the  experienced  engineer 
could  work  more  efficiently. 

POMSEE  enables  relatively  un¬ 
trained  personnel  to  be  utilized  by 
setting  up  Performance  Standard 
Sheets  and  Maintenance  Standards 
Manuals  for  each  equipment.  It  also 
enables  engineering  personnel  to 
make  checks  at  any  time  to  determine 
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if  the  equipment  is  operating  as  it 
should.  It  also  sets  up  a  series  of 
preventive  maintenance  routines  to 
be  carried  out  at  periodic  intervals  to 
assure  continued  normal  operation  of 
the  equipment.  POMSEE  material 
encompasses  for  each  equipment  a 
Performance  Standard  Sheet,  and 
a  Maintenance  Standards  Book  (Part 
I,  test  procedures  and  maintenance 
references;  Part  II,  preventive  main¬ 
tenance  check-off). 

In  essence,  the  maintenance  think¬ 
ing  is  done  by  engineers  who  are 
familiar  with  maintenance  procedures 
and  with  particular  equipments.  The 
results  of  their  efforts  are  set  down 
in  chart  and  picture  form.  Personnel 
unfamiliar  with  the  particular  equip¬ 
ment  can  nevertheless  carry  out  much 
of  the  testing  that  is  required,  using 
this  information. 

Performance  Standard  Sheet 

The  purpose  of  the  Performance 
Standard  Sheet  is  to  indicate  the 
equipment’s  expected  operational 
capability.  This  is  acconipjished  by 
taking  a  specific  series  of  technical 
measurements  contained  in  the  Main¬ 
tenance  Standards  Book,  Part  I,  the 
results  of  which  may  be  used  for 
reference  when  determining  the  con¬ 
dition  of  the  equipment  during  future 
tests. 

These  tests  and  measurements  are 
made  at  significant  points  of  the 
equipment.  The  tests  are  grouped 
according  to  functional  sections — ^that 
is,  all  the  electrical  circuits  and  me¬ 
chanical  parts  that  act  together  to 


perform  a  specific  function,  such  as 
transmitting,  receiving,  and  so  forth. 

Maintenance  Standards  —  Part  I 

This  section  establishes  a  series  of 
maintenance  standards  tests  that  can 
be  recorded  in  simple  tabular  form. 
Starting  with  the  simplest  basic  test, 
such  as  checking  the  input  voltage,  it 
includes  a  progressive  series  of  tests 
in  logical  sequence  covering  the  en- 
'  tire  equipment. 

On  the  test  chart,  the  first  of  five 
columns  shows  the  “step”  or  test 
number.  The  second  column,  headed 
“Action  Required,”  states  briefly  the 
purpose  of  the  test.  The  third  column, 
“Preliminary  Action,”  states  how  to 
set  up  the  test:  “Connect  multimeter 
to  terminals  1  and  3  of  TlOl.”  The 
fourth  column  is  headed  “Read  Indi¬ 
cation  On,”  which  is  self-explanatory. 

The  last  column,  “Maintenance 
Standard,”  provides  space  for  record¬ 
ing  the  actual  reading.  Limits  for 
guidance  are  listed  for  each  reading. 

On  the  page  opposite  the  test  chart 
in  the  Maintenance  Standards  Book, 
Part  I,  is  a  line  drawing  of  the  equip¬ 
ment  or  unit  with  call-outs  numbered 
for  each  “step”  or  test  number  of  the 
chart.  The  test  equipment  is  shown 
connected  just  as  described  in  the  test 
chart,  or  the  controls  or  meters  of  the 
basic  equipment  itself  are  indicated 
when  described  in  the  chart. 

When  the  illustration  does  not 
show  the  exact  connections  clearly, 
blow-ups  of  the  area  in  the  chasis  are 
shown  so  that  full  visual  understand¬ 
ing  is  possible. 
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Maintenance  Standards — Part  II 

The  purpose  of  the  second  section 
of  the  Maintenance  Standards  Manual 
is  to  provide  maintenance  personnel 
with  systematic  and  efficient  preven¬ 
tive  maintenance  instructions  for  a 
specific  equipment.  The  format  is 
similar  to  Part  I. 

Steps  are  included  or  references  are 
made  to  steps  contained  in  Mainte¬ 
nance  Standards,  Part  I,  for  periodic 
accomplishment  and  are  designated 
as  routine  or  technical.  Routine  steps 
are  identified  on  the  applicable  page. 
To  lighten  the  load  of  the  technician, 
the  routine  steps  may  he  performed 


by  operating  personnel. 

Usually,  the  first  step  in  Part  II 
is  the  daily  routine  of  placing  the 
equipment  in  full  operation.  Next  is 
a  series  of  weekly  checks  including 
certain  maintenance  standard  checks, 
followed  by  adjustments,  inspection 
and  cleaning  operations. 

The  monthly  routine  usually  in¬ 
cludes  complete  inspection  for  me¬ 
chanical  faults,  cleaning  and  tighten¬ 
ing  of  insulators  and  bushings,  clean¬ 
ing  of  chassis  and  so  forth. 

The  quarterly  checks  include,  in 
the  case  of  a  receiver  for  example, 
such  items  as  testing  sensitivity  and 
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with  RDA* 


m  One  of  the  few  things 

®  today’s  large  electronic 

computer  cannot  do  is 
talk.  Yet  the  product  of  its  fantastic 
“brain”  is  useful  only  when  hundreds 
of  operators  and  researchers  are  able 
to  communicate  with  perfect  teamwork, 
without  interruption  or  interference. 

Recently  Hallicrafters  was  asked  by  . 
a  major  firm  engaged  in  guided 
missile  research  to  devise  a  superior 
communications  system  to  solve  such 
a  problem.  The  need  was  urgent. 

The  project  was  assigned  to 
Hallicrafters  ^'RDA  Division  (Rapid 
Development  Assistance).  From 
spec  sheet  to  finished  product,  the 
CIS-21  Computer  Intercom  System 
was  designed,  built  and  delivered 
in  exactly  53  days. 

Through  more  than  1,000  practical 
combinations  of  ten  amplifiers,  the 
CIS-21  provides  instantaneous  and 
perfect  communication  between  250 
remotely  stationed  individuals  or 
groups.  An  outstanding  feature  is 
a  matrix  switch  that  guarantees 
constant  output  regardless  of  the 
%number'of  amplifiers  in  use. 

Whatever  your  problem  may  be  in  < 
electronics  production,  development  7 
or  research,  Hallicrafters  RDA  is  a  > 
Talking  ]:!^int  worth  considering.  For  , 
information,  contact  us  today. 


bandwidths  of  the  various  circuits, 
checking  signal-to-noise  ratio,  adjust¬ 
ing  wave  traps  and  checking  circuit 
alignment. 

Following  each  series  of  tests  in 
the  manual — daily,  weekly,  monthly, 
quarterly — is  a  date  chart  covering 
a  period  of  2  years.  Pertinent  read¬ 
ings  and  the  initials  of  the  person 
making  the  tests  are  to  be  entered  in 
these  charts. 

Use  of  Manuals  and  Sheets 

Performance  standard  measure¬ 
ments  are  accomplished  in  the  field 
for  an  individual  equipment  upon 
receipt  of  the  Performance  Standard 
Sheet  and  Maintenance  Standards, 
Part  I.  After  equipment  overhaul  or 
after  accomplishment  of  major  field 
changes,  these  measurements  are 
again  made. 

After  an  over-all  checking  and 
peaking  of  sections,  the  prescribed 
tests  and  measurements  of  the  Per¬ 
formance  Standard  Sheet  are  made 
and  the  results  entered  in  the  spaces 
provided  in  the  Maintenance  Stand¬ 
ards,  Part  I.  The  technician  follows 
up  with  his  portion — the  remainder 
of  the  Part  I  measurements  and  the 
preventive  maintenance  instructions 
of  Part  II. 

POMSEE  thus  provides  a  logical 
series  of  test  procedures  that  can  be 
carried  out  by  electronics  personnel 
not  necessarily  experienced  in  the 
particular  equipment  involved.  It 
does  not  attempt  to  get  into  the  why, 
what  or  how  of  corrective  mainte¬ 
nance  since  these  subjects  are  already 
covered  by  the  technical  manuals  and 
other  publications. 

POMSEE  does  provide  the  indica¬ 
tions  of  normal  operation  capability 
and  shows  the  functional  section  in¬ 
volved  when  abnormal  operation  is 
present.  It  provides  the  simplified 
steps  necessary  to  assure  continued 
normal  operation.  If  the  records  show 
that  readings  for  a  particular  step 
vary  progressively  in  the  same  direc¬ 
tion  every  time  a  check  is  made,  there 
is  a  definite  indication  of  improper 
operation,  and  corrective  measures 
must  be  taken. 

POMSEE  manuals  and  sheets  have 
been,  are  being,  or  will  be  prepared 
under  contract  for  most  of  the  elec¬ 
tronic  equipment  under  cognizance  of 
the  Bureau  of  Ships.  As  new  equip¬ 
ment  procurements  are  made,  POM¬ 
SEE  manuals  and  performance  stand¬ 
ard  sheets  will  be  prepared  simul¬ 
taneously. 

Based  on  past  performance,  POM¬ 
SEE  is  assured  of  continued  success 
in  the  Fleet. 
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Listed  below  are  the  firms  who  are  group  members  of  the  Armed  Forces  Communications  and  Electronics  Association.  By  then 
I  membership  they  indicate  their  readiness  for  their  share  in  industry's  part  in  national  security.  Each  firm  nominates  several  of 
i  its  key  employees  or  officials  for  individual  membership  in  APCEA,  thus  forming  a  group  of  the  highest  trained  men  in  the  elec~ 
I  tronics  and  photographic  fields,  available  for  advice  and  assistance  to  the  armed  services  on  research,  development,  manufactur- 
i  ing,  procurement,  and  operation. 


s  Admiral  Corp. 

^  Aircraft  Radio  Corp. 

Allied  Control  Co.,  Inc. 
j  Allied  Radio  Corp. 

i  American  Cable  &  Radio  Corp. 

American  Electronic  Laboratories,  Inc. 
American  Institute  of  Electrical 
Engineers 

American  Machine  &  Foundry  Co. 

!  American  Radio  Relay  League 

American  Telephone  &  Telegraph  Co. 
American  Telephone  &  Telegraph  Co., 
Long  Lines  Dept. 

Ampex  Corp. 

^  Amphenol  Electronics  Corp. 

i  Anaconda  Wire  &  Cable  Co. 

A  A.  R.  F.  Products,  Inc. 

I  Arnold  Engineering  Co. 

1  Atlas  Precision  Products  Co. 

I  Automatic  Electric  Co. 

Automatic  Electric  Sales  Corp. 
Automatic  Telephone  &  Electric  Co., 
^  Ltd. 

Autonetics,  Division  of  North  American 
Aviation,  Inc. 

'  Barker  &  Williamson,  Inc. 

%  Barry'  Controls,  Inc. 

J  Bell  &  Gossett  Co. 

m  Bell  Telephone  Company  of  Pa. 

j  Bell  Telephone  Laboratories,  Inc. 

C  Bendix  Radio  Division,  Bendix  Avia- 

tion  Corp. 

Blackburn  Electronic  Corp. 

Bliley  Electric  Co; 

Bomac  Laboratories,  Inc. 

British  Tliomson-Hoaston  Co.,  Ltd. 
Bmno-New  York  Industries  Corp. 
Burroughs  Corp. 

California  Water  &  Telephone  Co. 
j  Cambridge  Thermionic  Corp. 

^  Capitol  Radio  Engineering  Institute, 

Inc. 

Carolina  Telephone  &  Telegraph  Co. 
Central  Technical  Institute 
Chesapeake  &  Potomac  Tel.  Co.  . 
Cincinnati  &  Suburban  Bell  Tel.  Co. 
Collins  Radio  Co. 

Columbia  Broadcasting  System,  Inc. 
Convair,  Division  of  General  Dynamics 
Corp. 

Cook  Electric  Co. 

Copperweld  Steel  Co. 

Cornell-Dubilier  Electric  Corp. 

Craig  Systems,  Inc. 

Crosley  Division-Avco  Mlg.  Corp. 
Dana,  P.  A.,  Inc. 

Designers  for  Industry,  Inc. 

DeVry  Technical  Institute 
Diamond  State  Telephone  Co. 
Dictaphone  Corp. 

DuKane  Corp. 

DuMont,  Allen  B.,  Laboratories,  Inc. 
Eastman  Kodak  Cas, 

Electronic  Associates,  Inc. 

Electronic  Communications,  Inc. 

Elgin  Metalformers  Corp. 

Fairchild  Camera  &  Instrument  Corp. 
Farnsworth  Electronics  Co. 

Federal  Telecommunication 
Laboratories 

Federal  Telecommunication  Labora¬ 
tories,  Division  of  West  Coast  Labs. 
Federal  Telephone  &  Radio  Co. 


General  Aniline  &  Film  Corp. 

General  Cable  Corp. 

General  Communications  Co. 

General  Electric  Co. 

General  Telephone  Corp. 

Gilfillan  Bros.,  Co. 

Globe  Wireless,  Ltd. 

Gray  Manufacturing  Co. 

Hallamore  Electronics  Co.  4 

Haller,  Raymond  and  Brown,  Inc. 
Hallicrafters  Co.,  The 
Haloid  Co. 

Hazeltine  Electronics  Division, 
Hazeltine  Corp. 

Heinemann  Electric  Co. 

Hercules  Motor  Corp. 

Hitemp  Wires,  Inc. 

Hoffman  Laboratories,  Inc. 

Hogan  Laboratories,  Inc. 

Hoover  Electronics  Co. 

Hopkins  Engineering  Co. 

Hughes  Aircraft  Co. 

Hycon  Eastern,  Inc. 

Illinois  Bell  Telephone  Co. 

Indiana  Bell  Telephone  Co. 

Indiana  Steel  &  Wire  Co. 

Institute  of  Radio  Engineers 
International  Business  Machines 
International  Resistance  Co. 
International  Telephone  &  Telegraph 
Corp. 

Jacobsen  Manufacturing  Co. 

Jansky  &  Bailey,  Inc. 

Kellogg  Switchboard  &  Supply  Co. 

Kin  Tel 

Kleinschmidt  Laboratories,  Inc. 

Koiled  Kords,  Inc. 

Lansdale  Tube  Co.,  Division  of  Philco 
Corp. 

Leich  Sales  Corp. 

Lenkurt  Electric  Co. 

Lewyt  Manufacturing  Corp. 

Loral  Electronics  Corp. 

Machlett  Laboratories,  Inc. 

Magnavox  Co. 

Mallory,  P.  R.,  &  Co.,  Inc. 

Materiel  Telephonicfue  Co. 

Michigan  Bell  Telephone  Co. 
Montgomery  Co.,  The 
Motorola,  Inc. 

Mountain  States  Telephone  &  Tele^ 
graph  Co. 

Mullard  Ltd. 

Muter  Co. 

Mycalex  Corporation  of  America 
National  Co.,  Inc. 

Nelson  Technical  Enterprises^ 
Nems-Clarke,  Inc. 

New  England  Tel.  &  Tel.  Co. 

New  Jersey  Bell  Telephone  Co. 

New  York  Telephone  Co. 

North  Electric  Co. 

Northwestern  Bell  Telephone  Co. 

Oak  Manufacturing  Co. 

Ohio  Bell  Telephone  Co. 

O'Keefe  &  Merritt  Co. 

Otis  Elevator  Co.,  Electronic  Division 
Pacific  Mercury  Television  Mfg.  Corp. 
Pacific  Telephone  &  Telegraph  Co. 
Packard-Bell  Co. 

Page  Communications  Engineers,  Inc. 
Phelps  Dodge  Copper  Products  Corp. 


Philco  Corp. 

Photographic  Society  of  America 
Plessey  Co.,  Ltd. 

Prodelin  Inc. 

Production  Research  Corp. 

Radiart  Corp. 

Radio  Corporation  of  America 
Radio  Corporation  of  America, 
Defense  Electronic  Products 
RCA  Great  Britain,  Ltd. 

Radio  Engineering  Laboratories,  Inc. 
Ramo-Wooldridge  Corp. 

Raytheon  Manufacturing  Co. 

Red  Bank  Division, 

Bendix  Aviation  Corp. 

Reeves  Instrument  Corp. 

Remington  Rand,  Division  of  Sperry 
Rand  Corp. 

Remler  Co.,  Ltd. 

Rocke  International  Corp. 

Saxonburg  Ceramics 
Society  of  Motion  Picture  &  Television 
Engineers 
Sonotone  Corp. 

SonndScriber  Corp. 

Southern  Bell  Telephone  &  Telegraph 
Co. 

Southern  New  England  Telephone  Co. 
Southwestern  Bell  Telephone  Co. 
Sperry  Gyroscope  Co.,  Division  of 
Sperry  Rand  Corp. 

Sprague  Electric  Co. 

Stackpole  Carbon  Co. 

Standard  Telephone  &  Cables,  Ltd. 
Stanford  Research  Institute 
Stelnia,  Inc. 

Stewart-Warner  Corp. 

Stoddart  Aircraft  Radio  Co. 

Strom  berg-Carlson  Co.,  Division  of 
General  Dynamics  Corp. 

Surprenant  Mfg.  Co. 

Sylvania  Electric  Products,  Inc. 
Technical  Materiel  Corp.,  Tlie 
Tele-Dynamics,  Inc. 

Telephonies  Corp. 

Teletype  Corp. 

Tensolite  Insulated  Wire  Co.,  Inc. 
Texas  Instruments,  Inc. 

Times  Facsimile  Corp. 

T.M.C.  (Canada)  Ltd. 

Trad  Electronics  Corp. 

Transitron  Electronic  Corp. 

Triad  Transformer  Corp. 

Tung-Sol  Electric,  Inc. 

Union  Carbide  Corp. 

United  Telephone  Co. 

United  Transformer  Co. 

Waterman  Products  Co.,  Inc. 
Webster-Chicago  Corp.,  (^vemment 
Division 

West  Coast  Telephone  Co. 

Western  Electric  Co.,  Inc. 

Western  Union  Telegraph  Co. 
Westinghonse  Electric  Corp. 

Weston  Electrical  Instrument  Corp. 
Wheelock  Signals,  Inc. 

Wickes  Engineering  &  (Construction  Co. 
Wilcox  Electric  Co.,  Inc. 

Willard  Storage  Battery  Div., 

Electric  Storage  Battery  Co. 
Wisconsin  Telephone  Co. 

WoUensak  Optical  Co. 

Zenith  Radio  (Corp. 
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AFCBA  CHAPTERS — National  Director  of  Chapters:  Maj.  Cen.  Alvin  L.  Pachynski,  USAP 

REGIONAL  VICE  PRESIDENTS 

Rvgion  A:  Henry  R.  Beng,  N.  Y.  Tel.  Co..  140  West  St.,  New  York.  N.  Y.  New  England  States,  New  York,  New  Jersey. 

Region  B:  George  C.  Ruehl.  Jr.,  2118  St.  PeuI  St.,  Beltimore,  Md.  Delaware,  District  of  Columbia,  Kentucky,  Maryland,  Ohio, 
Pennsylvania,  West  Virginia  and  Virginia.  .  - 

Region  C:  Ralph  S.  Grist,  1091  McLynn  Ave.,  N.E.,  Atlanta,  Ga.  Southeastern  States  along  Atlantic  and  Gulf  coasts — from 
North  Carolina  to  Louisiana  including  Tennessee.  ^  . 

Region  Di  Cole  Gaorge  L*  Richon,  244  Stanford  Driv©,  San  Antonio,  Tex.  New  Mexico,  Texas,  Oklahoma,  Arkansas. 

Region  B:  John  R.  Howland,  Dage  Television  Div.,  Thompson  Products,  Inc.,  W.  1 0th  St.,  Michigan  City,  Ind.  Michigan,  Indiana, 
Illinois,  Wisconsin,  Minnesota,  Iowa,  Missouri,  Kansas,  Nebraska,  North  Dakota,  South  Dakota,  Wyoming, 

Colorado.  .  . 

Region  P:  Ray  E.  Meyers,  717  Anderson  Way,  San  Gabriel,  Calif.  Arizona,  Utah,  Nevada,  California,  Idaho,  Oregon,  Mon¬ 
tana  and  Washington, 

CHAPTERS:  PRESIDENTS  AND  SECRETARIES 

ARIZONA:  Pres.  — Arthur  Mudgett,  Fort  KOREAN:  Pres.— Col.  Walter  E.  Loti,  SigC,  ROCKY  MOUNTAIN:  Pres.— Byron  E.  Tha- 
Huachuca.  Sec.— Dr.  James  C.  Coe,  P.O.  8th  Army,  APO  301,  S.  F.  Sec.— Wendell  dy.  Mountain  States  Tel.  Co.,  17  N.  Weber, 

Box  2813,  Fort  Huachuca.  B.  Carman,  Hqs.  KMAG,  8202d  AU,  APO  Colorado  Springs,  Colo.  Sec.— Capt. 

ATLANTA:  Pres.  -  Lt.  Col.  Doneld  L.  102.  S.  F.  freneis  D.  Teppin,  USAF  Hq.  ADC.  Ent 

Adams,  Hqs.  Third  Army,  Fort  McPherson,  LEXINGTON:  Pres. — Lt.  Col.  R.  H.  Vind-  '  ® 

Ga.  Sec. — A.  M.  Wilson;  Southern  Bell  Lexington  Signal  Depot,  Lexington,  ROME:  Pres. — Ma|.  William  B.  Bodine,  Ar- 

T&T  Co.,  51  Ivy  Street,  N.E.  Ky^  Sec, — Harold  V.  Madden,  Lexington  my  Sec.  MAAG,  APO  794,  N.  Y.  Sec. — 

AUGUSTA-PORT  GORDON:  Pres.  — Col.  Signal  Depot.  John  E.  Colarusso,  MAAG  Army,  APO 

Brexton  E  Smell.  9600  TU  SioTrnoCmd.  LONDON;  Pres.-Lt.  Col.  John  T.  Tyler. 

Fort  Gordon.  See.— Lt.  Cd.  Williem  O.  ^q.  Third  AF.  APO  125.  N.  Y.  See.—  ROME-UTICA:  Pres.— Allen  A.  Kunie.  Lee 
Beesley.  Hqs.  TSESS.  Fort  Gordon.  Cept.  H.  W.  Gipple.  Hq.  Third  AF.  APO  Center.  N.  Y.  See.— Derrell  S.  Kirby.  904 

BALTIMORE:  Pres.— Henry  B.  Yarbrough,  125,  N.  Y.  Floyd  Ave.,  Rome,  N.  Y. 

Bendix  Radio,  E.  Joppa  Rd.,  Towson  Md.  LOUISIANA:  Pres. — Charles  Pearson,  Jr.,  SACRAMENTO:  Pres.— Lt  Col  Clarence 
Sec. — ^Trevor  H.  Clark,  Westinghouse  Elec-  -  d  11  t  1  e.  Tw.i  mo  ^  7/  V  v^arence 

trie  Corp..  Air  Arm  Div..  Friendship  Int'l.  *  ^®'-  M.  Godfrey.  Seeremento  Signel  Depot. 

Airoort  St..  New  Orleens.  See.— A.  Bruee  Hey.  See.— Cept.  Robert  MeMorrow.  951  La 

D  I  Ki  n  u  •  Southern  Bell  Tel.  &  Tel.  Co.,  520  Baronne  Sierra  Drive. 

BOSTON:  Pres.  —  Col.  Murray  D.  Harris,  cx  New  Orleans 

PMST,  Northeastern  University,  Boston.  n  ^  i  r  t  jt  SAN  PRANCISCO:  Pres.  —  S.  N.  Barton, 

See.- Louis  J.  Dunham.  Jr..  Franklin  Teeh-  ^  «  e  e*  c  *d’  Radio.  P.  O.  Box  1241.  Palo  Alto, 

nical  Institute,  41  Berkeley  St.,  Boston,  Zi  ^  l  x -ii a  Calif.  Sec. — Karel  W.  Goossens,  Pacific 

Mass.  Heggen,  Box  707,  Hq.  5th  AF,  APO  710,  ,40  New  Montgomery  St. 

CENTRAL  PLORIDA:  Pres. — Willard  L.  SAN  JUAN:  Pres. — Capt  Gifford  Grange, 

Moor,  3002  Fair  Oaks,  Tampa.  Sec.—  NEW  YORK:  Pres.  —  Benjamin  H.  Oliver,  qq  Naval  Comm.  Sta.,  San  Juan,  P.  R. 

Russell  R.  Dandell,  208  So.  Manhattan  AT&T  Co.,  195  Broadway,  New  York,  N.  Y.  Sec.— Albert  Crumley,  Radio  Corp  of  P.  R., 

Ave..  Tampa.  Ha.  'See.— Lt.  Col.  David  Talley.  Fed-  Tel.  &  p,  q.  Box  10073.  Caparra  Heights.  P.  R. 

CHICAGO:  Pres.-Henry  J.  McDonald.  Kel-  Corp..  100  Kingsland  Rd..  Clifton.  ^COTT-ST.  LOUIS:  Pres.-Col.  Charles  W. 

logg  Switchboard  &  Supply  Co..  6650  S.  N- J-  Gordon.  3310  TTGrp  Cmdr..  Scott  AFB,  III. 

Cicero  Ave..  Chicago  38.  Sec.^ames  F.  NEW  YORK  UNIVERSITY:  Pres.— Robert  See.— Allan  L.  Elsenmayer.  P.O.  Box  456. 

Weldon,  SigC  Supply  Agency;  615  W.  A.  Fisch,  2386  Davidson  Ave.,  New  York  Trenton  III. 

Van  Buren  St.  68,  N.  Y.  Sec. — Sheldon  Brown,  587  Beck  --a--,  J  1  «  i  •  .  . 

DAYTON-WRIGHT:  Pres.-Col.  S.  A.  St.,  New  York  55,  N.  Y  .  o*i a  w 

Mundell,  ARDC,  Wright-Patterson  AFB,  NORTH  CAROLINA:  Pres.— Lt.  Col.  Cug-  ^ec.- Merrill  R.  Stiles,  916  W. 

Ohio.  Sec. — Jack  G.  Anderson,  Hoffman  g|e  E.  Kyzer,  Post  SigO,  Fort  Bragg.  Sec.  ^  .  ai. 

Laboratories,  Inc.,  2600  Far  Hills  Bldg.,  — Col.  Henry  J.  Hort,  1st  Log.  Comd.,  CAROLINA:  Pres. — Cmdr.  H.  C. 

Dayton.  Fort  Bragg.  Rodin,  Bldg.  10,  Charleston  Naval  Ship- 

DECATUR;  Pres.-Maj.  Robert  M.  Burns.  NORTH  TEXAS;  Pres.-H.  J.  Wissemann.  Be^'’T4T’co  o'w7i%id<.'’*Columbu' 

402  E.  Prairie.  Decatur.  III.  Sec.-Allen  Texas  Instruments.  6000  Lemmon  Ave..  *  i_M  r«XC  o  i  alL  ^  u  c  •’ 

D.  Crist.  Decatur  Signal  Depot.  Decatur.  Dallas.  Sec.-John  W.  Williams.  4913  j  J 

FORT  MONMOUTH:  Pres.- Halsey  F.  Cr.ckrell  Ave..  Fort  Worth.  Randolph  AFB. 

Hub^rd.  USAESA.  Fort  Monmouth  N.  J.  HORTHEASTERN  UNIVERSITY;  360  search  Institute.  Box  2^96.  Sa°n  Antonio.*' 

FRANKFURT:  Pres.— George  A.  Spear.  R.  King.  Jr.  Div.  B:  Pres.— Neal  W.  At-  vin'^Nuvs  Blv^  vln  N^Cs  Ca?' 

E. „.S....FSA.AP0  7S7.N„Yj,tS^... 

northwest  FLOR/OA;  Pres.  — Col.  R.  Mfg.  Corp..  8345  Hayvenhurst  Ave.. 

APO  757.  New  York.  B  H.  Rockwell.  Hq.  APGC.  Eglin  AFB.  Sepulveda.  Cal. 

GULP  COAST:  Pres.  —  Ancil  Z.  Arseneau,  Sec. — Capt.  Edmund  G.  Forkner,  Hq.  SOUTHERN  CONNECTICUT:  Pres. _ Ed- 

1350  Park  Court  So.,  Biloxi,  Miss.  Sec.—  APGC,  DCS/M-ME,  Eglin  AFB  win  B.  Hurley,  So.  Now  England  Tel.  Co., 

Joseph  A.  O’Connell,  Southern  Bell  T&T  oPANGf;  Pres.— Fred  A.  Cullman,  Radia-  Box  1562,  New  Haven.  Sec.— J.  A.  Loo^ 

Co.,  Gultport,  Miss.  5qI  Commonwealth  Ave.,  Or-  Po\d,  Dictaphone  Corp.,.  375  Howard 

GREATER  DETROIT:  Pres. — Col.  James  I.  lando,  Fla.  Sec. — Maj.  Donald  E.  Dobbins,  Ave.,  Bridgeport. 

Yanderhoof.  Hq  30th  Air  Div.,  EADr,  Orlando  AFB,  Fla.  SWITZERLAND:  Pros.  —  William  P.  Lear, 

ADC,  Willow  Run  AF  Sta.,  Mich.  PARIS:  Pres.— Br.  Gen.  Frank  W.  Moorman,  Lear  Radio,  Genova;  Sec.— Robert  V. 

Sec. — J.  R.  Saxton.  Michigan  Bell  Tele-  y  5  Attache  France,  APO  230,  Lindsey,  Inti.  Telecommunications  Union, 

phone  So.,  305  Michigan  Ave.  y  Sec.— Lt.  Col.  Russell  A.  Duke,  Office  Geneva. 

HAWAII:  Pres.-Col.  Wayne  L.  O’Hern,  of  U.S.  Army  Attache,  APO  230,  N.  Y.  TINKER-OKLAHOMA  CITY:  Pres.  — Del- 

Hq.  PACAF,  APO  953,  S.  F.  Sec. — CWO  PHILADELPHIA:  Pres. — J.  B.  Henry,  IRC,  ^ert  F.  Cravens,  Southwestern  Bell  Tel. 
Joseph  B.  Milligan,  Hq.  1810th  AACS  401  No.  Broad  St.  Sec. — R.  L.  Halber-  Go.,  405  No.  Broadway,  Oklahoma  City. 

Group,  APO  915,  S.  F.  stadt.  Diamond  State  Tel.  Co.,  1329  Chest-  Sec.— Lt.  Col.  Albert  A.  Rudd,  1800  AACS 

KANSAS  CITY;  Pres.  — Lt.  Col.  G.  D.  nut  St.  Wing.  Tinker  AFB,  Okie. 

Meierve.  USAF  (Ret.),  6211  W.  55th  St..  PHILIPFINE;  Pres.-Col.  Orville  Leird.  TOKYO:  Pres.— Col.  Thomas  W.  Riley.  Hq. 
Mission,  Kans.  Sec. — Maxwell  H.  Tyrrell,  Hq.  Thirteenth  AF,  APO  74,  S.  F.  Sec. —  USARJ  Sig.  Off.,  APO  343,  S.  F.  Sec. — 

Southwestern  Bell  Tel.  Co.,  6500  Troost,  Robert  C.  Young,  Radio  Electronic  Hqs.,  D.  A.  L.  Hughes  (Philco),  Hq.  USARJ  Sig. 

Kansas  City,  Mo.  Inc.,  P.O.  Box  1400,  Manila.  Off.,  APO  343,  S.  F. 

KEPLAVIK:  Pres. —  1st  Lt.  Edward  D.  Ait-  PITTSBURGH:  Pres.  —  George  H.  Ader-  WASHINGTON:  Pres. — L.  Harriss  Robin- 
ken,  1400  OPS  Gp.,  APO  81,  N.Y.  Sec. —  hold,  Saxonburg  Ceramics  Co.,  Saxon-  son,  Motorola,  Inc.,  1145  19th  St.,  N.W. 

Maj.  Benjamin  A.  Roberts,  Hq.  IDF,  APO  burg.  Pa.  Sec. — H.  W.  Shepard,  Jr.,  386  Sec. — John  R.  O'Brien,  Hoffman  Labora- 

81,  N.Y.  Arden  Road.  tories,  Inc.,  1625  Eye  St.,  N.W. 


APGC,  DC5/M-Mc,  eglin  APB  win  B.  Hurley,  So.  Now  England  Tel.  Co., 

ORANGE:  Pres. — Fred  A.  Cullman,  Radia-  Box  1562,  New  Haven.  Sec. — J.  A.  Loo- 
tion,  Inc.,  501  Commonwealth  Ave.,  Or-  pold.  Dictaphone  Corp.,,  375  Howard 
lando,  Fla.  Sec. — Maj.  Donald  E.  Dobbins,  Ave.,  Bridgeport. 

Orlando  AFB,  Fla.  SWITZERLAND:  Pres.  —  William  P.  Lear, 

PARIS:  Pres. — Br.  Gen.  Frank  W.  Moorman,  Lear  Radio,  Geneva;  Sec. —  Robert  V. 


SIGNAL,  DECEMBER,  1957 


the  fabulous  world  which  electronic  computers  aie  helping  shape  today! 


Help  yourself  to  a  dream  ...  of 
material  wealth  that  staggers 
the  imagination — atomic  power  for 
transportation  .  .  .  interplanetary 
space  travel  .  .  .  electronic  miracles 
to  take  the  drudgery  from  daily  liv¬ 
ing  ...  a  world  of  super  abundance. 

Actually  it’s  all  possible.  Plan¬ 
ning,  development,  experimentation 
.  .  .  speeded -up  through  use  of  elec¬ 
tronic  "brains”  .  .  .  are  already  mak¬ 
ing  our  dreams  of  tomorrow  a  reality. 
Toward  this  end,  the  U.  S.  Gov¬ 


ernment,  Armed  Services,  Industry 
and  Science  are  joining  forces  for 
research  and  development.  Only 
through  the  use  of  modern,*  large- 
scale  data  processing  systems  can 
the  complex  calculations  involved 
in  nuclear  development,  space  ex¬ 
ploration,  research,  and  electronics 
be  solved  with  speed  and  accuracy. 

Fulfilling  the  need  for  faster,  more 
reliable  and  compact  large-scale  data 
processing  systems,  Philco  is  proud 
to  present  TRANSAC  S-2000. 

At  Philco^  career  opportunities  are  unlimited  in  computer  research^  engineering  and  applications,  hook  ahead .  .  .  and  you  ll  choose  Philco, 


TYw  wprld*$  first  €rft-troai>itoiV.W^ 
data  process^  systdm.  '  ^ 

^•nANSAkr^—tndmotti  •#  Sir 

Tnnilthir  AiAom&fk 


PHILCO 


GOVERNMENT  AND  INDUSTRIAL  DIVISION 

PHILADELPHIA  44.  PENNSYLVANIA 
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Chapter  News 


AucUSta-Fort  Gordon— Shown  during  the  October  meeting  are,  left  to  right:  C 
David  P.  Gibbs,  USA  Signal  Training  Center,  R.  Gordon;  Col.  Braxton  E.  Small,  chapt 
president;  Joseph  S.  Siegel,  Vice  President  and  General  Manager,  for  Georgia,  of  Southe 
Beil  Tel.  and  Tel.  Co.;  Charles  M.  Eberhart,  General  Commercial  Manager,  Southern  B< 
Tel.  and  Tel.  Co.;  Col.  Erling  J.  Foss,  Chief  of  Staff,  USA  Signal  Training  Center,  and  Ho 
Gibson,  Augusta  District  Manager,  Southern  Bell  Tel.  and  Tel.  Co. 


Arizona 

The  chapter’s  annual  elections  were 
held  in  September  with  Arthur  H.  Mud- 
gett,  Chief  Technical  Planner,  USA- 
EPG,  re-elected  president. 

The  other  officers  were  named  as 
follows:  vice  president — Lt.  Col.  Leon¬ 
ard  F.  Walker,  Technical  Operations, 
USAEPG;  secretary -treasurer  —  Dr. 
James  C.  Coe,  Chief  Engineer,  Science 
Division,  USAEPG;  directors — Col.  Ed¬ 
mund  T.  Bullock,  Deputy  Command¬ 
ing  Officer  for  Technical  Program, 
USAEPG;  William  S.  Marks,  Jr.,  Chief 
Scientist,  USAEPG;  Forrest  G.  Hogg, 
USAEPG  Resident  Representative  for 
Motorola,  Inc.;  William  W.  Lord,  Man¬ 
ager,  Tucson  Office,  Defense  Products 
Group,  American  Machine  &  Foundry 
Company. 

Augusta-Fori  Cordon 

Mr.  John  S.  Siegel,  Vice  President 
and  General  Manager  for  Georgia,  of 
the  Southern  Bell  Telephone  and  Tele¬ 
graph  Company,  was  the  guest  speak¬ 
er  at  the  October  17th  meeting. 

Stating  that  one  of  the  basic  pre¬ 
cepts  of  the  American  way  of  life  is 
the  manner  in  which  it  has  let  busi¬ 
ness  operate,  “both  through  customs 
and  laws.”  Mr.  Siegel  went  on  to  point 
out  that  “when  business  becomes  big, 
it  is  a;  sign  of  success — not  a  sign  that 
big  business  is  bad.” 

He  reminded  his  audience  that  this 
is  one  of  the  few  countries  in  the  world 
where  all  the  people  can  participate  in 
its  great  industrial  enterprises.  Mr.  Sie¬ 
gel,  a  1938  graduate  of  the  University 
of  Kansas,  who  started  his  career  with 


the  Bell  system  by  digging  post  holes, 
brought  a  chuckle  from  his  audience 
when  he  remarked  that  “telephony  is 
a  fascinating  business — even  when  you 
have  ~tg  figure  out  how  deep  a  hole 
should  be.” 

Baltimore 

Chapter  members  met  at  Fort  George 
G.  Meade  on  October  12th  and  viewed 
exhibits  representing  a  cross-section 
of  the  latest  Army  equipment  which 
had  been  held  over  from  the  Second 
Army’s  birthday  celebration.  Col.  Tim¬ 
othy  H.  McKenzie,  Signal  Officer  of 
the  Second  Army,  was  host  for  the  oc¬ 
casion. 

The  program  began  with  a  luncheon¬ 
meeting  at  the  Officers  Club.  Guests 
were  introduced  by  chapter  president 


Henry  B.  Yarbrough  as  follows:  Cajj 
Wilfred  B.  Goulett,  AFCEA  Executi^ 
Vice  President,  and  Mrs.  Goulett;  Ca^j 
William  G.  Shaffer;  L.  Harriss  Robii 
son,  president  of  the  Washington  cha] 
ter;  CWO  James  C.  Hawley  and  Rol 
ert  T.  McArthur  of  the  Bureau  of  Ship 
Department  of  the  Navy;  James  Lon 
of  Minneapolis,  and  James  H.  Kellogj 
a  former  president  of  the  Chicag 
chapter  and  now  a  member  of  the  Ba 
timore  chapter. 

Among  the  items  of  interest  in  th 
Army  equipment  display  were:  hel 
copters  ranging  in  size  from  th 
“Bubble”  to  a  jeep  carrier;  mobil 
field  television  chain;  calibration  va 
—  used  to  calibrate  all  field  repaii 
men’s  instruments;  a  display  showin 
miniaturization  of  transformers,  resij 
tors  and  capacitors;  tactical  VH] 
equipment  used  at  Army  Corps  level 
mobile  photo  laboratory;  mobile  tele 
type  system.  Also  exhibited  were  mod 
els  or  mock-ups  of  five  missiles — Littl 
John,  Hawk,  Hercules,  Honest  Join 
and  Corporal. 

Chicago 

The  Kickoff  Dinner  for  the  1957-51 
chapter  year  was  held  on  Septembe 
26th  at  Hallicrafters  Company.  Chi 
cago.  Preceding  the  annual  dinner 
Hallicrafter’s  President  and  Chairmar 
of  the  Board,  William  J.  Halligan — i 
former  National  President  of  AFCEA— 
hosted  a  cocktail  party  for  the  more 
than  150  members  and  their  guestj 
who  were  present.  Henry  J.  McDonald 
chapter  president,  presided  over  the 
business  session. 

With  the  applications  of  single  side 
band^  suppressed  carrier  mode  of  trans¬ 
mission  being  rapidly  applied  to  higl 
frequency  radio  circuits,  it  was  fitting 
that  ihe  main  technical  discussion  oi 


Baltimore  —  Pictured  here  are  some  of  the  chapter  members  and  guests  viewing  the 
Hawlc  r»>i-,sile  displayed  at  the  October  12th  meeting,  held  at  Fort  Meade.  Mrs.  John  A. 
Shipley,  recording  secretary  for  the  chapter,  is  credited  with  talcing  the  photograph. 
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From  radio  to  *^RedstonF^  .  . 
from  TV  to  ^^Talos”  .  .  . 
from  aero-  to  ^'astro-^  nautics 


has  met  every  electronic 
educational  challenge  of  our  time! 


Several  months  ago,  in  these  pages,  we  spoke  to  you  of  “the  constant  challenge 
to  do  our  best  to  make  our  best  even  better.” 

It  has  always  been  a  major  part  of  “doing  our  best”  to  keep  our  curricula 
in  tune  and  in  pace  with  the  changing  and  growing  needs  of  the  military 
services  and  of  industry.  As  our  students  of  1927  were  active  in  the  radio 
field,  so  our  active  students  of  today  (numbering  15,000)  are  professional 
electronics  engineers  and  technicians,  situated  all  over  the  world,  and  occupied 
in  every  phase  of  electronics,  both  military  and  civilian.  And  this  phrase, 
“every  phase  of  electronics”  excludes  no  electronics  application,  however 
advanced. 

CREI  courses  are  being  studied  today  on  the  DEW  Line  and  in  the  Antarc¬ 
tic — in  Alamagordo  and  in  Munich — by  electronics  experts  in  guided  missile 
development  and  by  telemetering  technicians  on  the  missile  ranges. 

How  have  we  been  able  to  keep  pace?  Because  it  has  always  been  our  aim 
never  to  deviate  from  our  ideal:  To  provide  the  very  best  in  technical  elec¬ 
tronic  education  for  professional  electronics  personnel,  regardless  of  the  cost 
and  effort  required.  We  have  spared  no  expense  to  keep  our  curricula  and 
texts  constantly  expanding  as  the  electronic  world  expands.  Work  is  in 
progress  right  now  on  a  new  course  for  Atomic  Reactor  Technicians. 

As  we  enter  our  31st  year,  CREI  has  in  effective  operation,  group  training 
programs  with  organizations  representing  the  cream — and  including  the 
vanguard — of  the  electronics  and  aeronautical  industries.  Our  active  student 
body  includes  5,000  students  in  the  Armed  Services,  in  both  enlisted  ratings 
and  commissioned  ranks.  Leading  companies  regularly  visit  CREI  to  select 
graduating  students  for  the  better-than-average  technical  jobs.  Graduates  of 
years  back  can  be  found  in  positions  of  great  responsibility  throughout  indus¬ 
try  and  the  military  services. 

We  pledge  ourselves  to  increasing  effort,  so  that  we  may  continue  to  warrant 
the  confidence  of  the  great  industry  whose  every  challenge  it  has  been  our 
privilege  to  meet. 
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Fort  Monmouth— Brig.  Gen.  Earle  F.  Cook,  Commanding  General,  U.S.  Army  Signal 
Engineering  Labs,  at  R.  Monmouth,  N.J.  (center),  is  shown  greeting  Ralph  O.  Hutchison, 
American  Machine  and  Foundry  Company  executive,  who  was  the  guest  speaker  at  the  Octo¬ 
ber  dinner-meeting  of  the  chapter.  Looking  on  is  Halsey  Hubbard,  chapter  president. 


sion,  American  Machine  and  Foundry 
Company,  addressed  members  and 
guests  at  the  chapter’s  October  17th 
meeting. 

Mr.  Hutchison’s  talk,  given  after  the 
business  session  and  dinner  in  Gibbs 
Hall  Officers  Club,  was  on  peacetime 
uses  of  atomic  energy. 

London 

The  chapter’s  September  24th  meet¬ 
ing  at  the  Columbia  Club  Hotel  heard 
three  guest  speakers  on  diverse  topics 
as  follows:  Colonel  J.  A.  Plihal,  until 
recently  the  Director  of  Communica¬ 
tion-Electronics  for  the  Tactical  Air 
Command  located  at  I.angley  Air  Force 
Base,  and  now  assigned  as  Director, 
Communications-Electronics,  Headquar¬ 
ters  Third  Air  Force,  who  spoke  on  the 
problems  encountered  in  tactical  com¬ 
munications. 

Mr.  John  C.  G.  Gilbert  next  discussed 
his  experiences  as  the  master  of  cere¬ 
monies  of  the  BBC  television  panel,  “In- 


London— Pictured  at  the  September  chapter  meeting  are,  front  row,  left  to  right:  Lt.  Col. 
J.  T.  Tyler,  USAF,  chapter  president;  Maj.  C.  L.  Bachtel,  USA;  Sir  Reginal  Payne-Gallwey, 
and  Comdr.  C.  G.  Mayer.  Back  row,  left  to  right:  Capt.  H  W.  Gipple,  USAF;  Map  F.  E. 
Stant,  USAF;  Mr.  L  T.  Hinton;  Col.  J.  A.  Plihal,  USAF;  Mr.  T.  E.  Goldup;  Mr.  A.  E.  Tyler 


the  evening  was  devoted  to  this  sub¬ 
ject.  Fritz  A.  Franke,  Manager  of 
Communications  Products  for  Hallicrai- 
ters,  was  the  moderator  of  a  panel 
composed  of  Peter  P.  Pichetto,  U.  S. 
Army  Signal  Communications  Engin¬ 
eering  Agency,  Washington,  D.C.;  Ed¬ 
ward  A.  Beane  and  Ralph  H.  Wick- 
ersham  of  the  Electronic  Supply  Of¬ 
fice,  U.S.  Navy,  Great  Lakes,  Illinois. 

Brig.  Gen.  H.  F.  Gregory,  Command¬ 
er  of  the  U.S.  Air  Force  Office  of  Sci¬ 
entific  Research,  Washington.  D.C.,  was 
the  featured  speaker  at  the  October 
24th  meeting,  which  was  held  at  the 
offices  and  plant  of  Bell  &  Gossett  Com¬ 
pany,  Morton  Grove.  William  E.  Peugh. 
Sales  Manager  of  the  Electronics  Divi¬ 
sion,  chairmanned  the  presentation  of 
the  Bell  &  Gossett  story.  Mr.  Moore 
told  the  history  of  the  company  and 
described  its  products. 

Oliver  F.  Johnson,  Manager  of  Bell 
&  Gossett’s  Electronics  Division,  intro¬ 
duced  General  Gregory,  whose  brilliant 
speech,  “Exploratory  Research  in  Elec¬ 
tronics,”  stressed  the  importance  of 
utilizing  the  latest  discoveries  of  basic 
research  as  soon  as  possible.  Examples 
such  as  the  use  of  solid-state  devices 
cryogenic  circuits,  and  the  MASER 
technique  were  cited.  The  complete 
text  of  General  Gregory’s  talk  will 
appear  in  a  later  issue. 


In  the  introductory  speech,  Mr.  John¬ 
son  pointed  out  that  General  Gregory’s 
office  was  responsible  for  the  USAF 
rocket  “Farside”  which  set  an  altitude 
record  of  4,000  miles  the  day  before 
the  meeting.  Mr.  Johnson  also  related 
that  General  Gregory  directed  almost 
all  of  the  USAF  development  leading 
to  a  practical  helicopter.  General  Greg¬ 
ory  is  as  well  known  in  diplomatic  cir¬ 
cles  as  in  scientific,  having  spent  four 
years  as  Air  Attache  in  Paris. 

Fort  Monmouth 

Ralph  O.  Hutchison,  Assistant  to  the 
Vice  President,  Atomic  Energy  Diyi- 


ventors  Club.”  He  had  many  amusing 
incidents  to  relate,  most  of  which  had 
happened  to  him  while  interviewing 
people  for  appearance  on  his  television 
program. 

Major  Bert  E.  Dowdy,  USAF,  Com¬ 
mander  of  the  303d  Tactical  Recon¬ 
naissance  Squadron  of  the  66th  Tacti¬ 
cal  Reconnaissance  Wing  at  Sembach, 
Germany,  was  on  tactical  reconnais¬ 
sance  photography  in  the  Air  Force 
and  covered  in  detail  the  history  of 
aerial  photography  and  its  application 
to  the  Armed  Forces  requirement  up  to 
{Continued  on  page  46) 


New  York— Pictured  at  the  October  23rd  meeting  are,  left  to  right:  Walter  Kirsch,  Fairchild  Camera  and  Instrument  Corporation;  Colonel 
M.  A.  Elkins,  Commandant,  Mitchell  Air  Force  Base;  Bill  Madigan,  President  of  Madigan  Corporation,^  Brig.  General  Royal  Hatch,  Jr.,  Dep¬ 
uty  to  Lt.  Gen.  Hall,  CONAC,  Air  National  Guard,  Mitchell  Air  Force  Base;  Major  de  Seversky,  principal  speaker  for  the  evening; 
Ben  Oliver,  chapter  president,  Walter  Watts,  past  National  AFCEA  President  and  an  Executive  Vice  President  of  RCA;  Admiral  Fritz  Furth, 
present  AFCEA  National  President,  and  Captain  Wilfred  B.  Goulett,  AFCEA  Executive  Vice  President. 
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Proceedings  off  tlie  IRE 

looks  into  outer  space  with  radio  astronomy 


RADIO  ASTRONOMY  is  responsible  for  a 
rich  harvest  of  new  information  about  the 
sun  and  certain  solar  phenomena,  meteors 
and  meteor  showers  recorded  in  broad 
daylight,  the  galaxy  of  stars  of  which  our  own 
sun  is  a  part,  and  other  galaxies  infinitely 
distant  from  us.  Regions  of  the  universe 
invisible  to  the  eye  and  the  photographic 
plate  can  now 'be  seen  via  their  measurable 
radiation  at  radio  wave  lengths.  New 
developments  in  antennas,  propagation, 
low-noise  receivers  and  the  ionosphere  are 
occurring  because  of  progress  in  radio  astronomy. 


Januay'y  1958  Special  Issue 

Here  is  the  revolutionary  technique 

which  is  carrying  us  to  uncharted 
regions  of  the  universe.  Discoveries 

•4 

in  this  field  during  the  last 

decade  have  created  another 
vitally  important  branch  of  science. 


PAPERS  BY  KARL  JANSKY  in  issues  of  PROCEEDINGS  OF  THE  IRE  during  the  early  1930's  first  reported 

the  existence  of  radio  waves  emanating  from  outside  the  earth's  atmosphere  .  .  .  now 
PROCEEDINGS  publishes  the  first  full  discussion  of  radio  astronomy,  its  current  state 
and  future  prospects,  written  by  the  leading  authorities  from  all  over  the  world. 


Special  January  Issue  Contains  Nearly  400  Pages  Summarizing  All  That  Is  Known  About  Radio  Astronomy 


"On  Karl  Jansky"  by  C.  M.  Jansky,  Jansky  &  Bailey. 

"Recollectioivs  of  Early  Experiments  in  Radio  Astronomy"  by  G.  Reber,  Hawaii. 

"Radar  Echos  From  the  Moon  at  a  Wave  Length  of  10  cm"  by  6.  S.  Yapiee,  et  al, 
N.  R.  L. ■ 

"Excitation  of  the  Hydrogen  21  cm  Line"  by  G.  B.  Field,  Princeton. 

"Extra  Galactic  21  cm  Line  Studies"  by  H.  S.  Heeschen,  Greenbank  Nat.  Obs., 
N.  H.  Dieter,  Harvard. 

"Radio  Stars  and  the  Milky  Way  at  440  me"  by  N.  G.  Roman  &  B.  Yapiee,  N.  R.  L. 

"A  High  Resolution  Radio  Telescope  for  Use  at  3.5  M"  by  B.  Y.  Mills,  et  al, 
Australia. 

"The  Sydney  19.7  Mc/s  Radio  Telescope  ’  by  C.  A.  Shain,  Australia. 

I 

"Radio  Telescope  Antennas  of  Large  Aperture"  by  J.  D.  Kraus,  Ohio  State. 

"An  Antenna  Array  for  Studies  in  Meteor  and  Radio  Astronomy  at  13  Meters" 
by  P.  B.  Gallagher,  Stanford  U. 

"A  Wide  Band  Antenna  System  for  Solar  Noise  Studies"  by  H.  Jasik,  Jasik  Labs. 

"Radio  Interferometry  of  Discrete  Sources"  by  R.  N.  Bracewell,  Stanford  U. 

"A  Polarimeter  in  the  Microwave  Region"  by  K.  Akabane,  Tokyo  Obs. 

"The  Cornell  Radio  Polarimeter"  by  M.  H.  Cohen,  Cornell. 

"10.7  cm  Solar  Radio  Flux  Measurements"  by  W.  J.  Medd  &  A.  E.  Covington, 
Canadian  Res.  Council. 

"Absorption  Techniques  as  a  Tool  for  21  cm  Research"  by  A.  E.  Lilley  &  E.  F. 
McClain,  Yale. 

"Lunar  Thermal  Radiation  at  35  KMC"  by  J.  E.  Gibson,  N.  R.  L. 

"Planetary  and  Solar  Radio  Emission  at  11  Meters  Wavelength"  by  J.  0.  Kraus, 
Ohio  State. 

MORE  THAN  45  ARTICLES  IN  ALL 
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Rome  Doily  Sentinel 


Rome  -  Utica  —  Dr.  John  R.  Pierce,  leff,  Bell  Telephone  Laboratories  scientist,  is  shown 
conversing  with,  from  his  left;  Maj.  Clifton  L.  Nicholson,  Assistant  Chief  of  the  Control 
Laboratory,  Rome  Air  Development  Center;  E.  Mark  Wolf,  Assistant  Chief  Engineer  at  Rome 
Cable  Corp.,  and  Fred  W.  May,  Rome  Sales  Manager  of  General  Cable  Corp.  Dr.  Pierce 
discussed  outer  space  travel  at  the  October  16th  meeting  of  the  chapter. 


the  present  date.  He  utilized  visual  aids 
and  briefing  charts  to  show  various 
methods  and  types  of  aerial  photog¬ 
raphy,  assorted  cameras  equipped  and 
how  it  is  mounted  in  the  aircraft,  as 
well  as  the  different  types  of  pictures 
from  different  altitudes  and  positions. 

New  York 

The  chapter’s  October  23rd  meeting 
heard  an  address  on  “Electronic  Com¬ 
bat  Power,”  by  the  noted  aviation  pion¬ 
eer  and  inventor.  Major  Alexander  P. 
de  Seversky. 

•  Prior  to  the  meeting,  held  at  the 
Belmont  Plaza  Hotel,  members  and 
guests  assembled  for  cocktails  and  din¬ 
ner.  The  guests  at  the  head  table  in¬ 
troduced  by  chapter  president  B.  H. 
Oliver,  Jr.,  included  Rear  Admiral  F. 
R.  Furth,  AF'CEA  National  President; 
Capt.  Wilfred  B.  Goulett,  USN  (Ret.), 
the  new  AFCEA  Executive  Vice  Presi¬ 
dent;  Brig.  Gen.  Royal  Hatch,  Jr.,  Dep¬ 
uty  for  Air  National  Guard  Affairs, 
and  Col.  M.  A.  Elkins,  Commanding 
Officer  of  Mitchell  Air  Force  Base. 

Major  de  Seversky  discussed  the  con¬ 
tinued  development  of  air  power  since  ‘ 
World  War  II.  He  pointed  out  that  nu¬ 
clear  weapons  are  getting  more  powerful 
and  smaller,  which  serves  to  increase 
the  fire  power  of  the  Armed  Forces, 
hut  that  the  method  of  delivery  will 
decide  the  issue  rather  than  the  type 
of  weapons  used.  He  stressed  the  su¬ 
premacy  of  the  Air  Force  in  its  mobility 
throughout  the  world. 

The  speaker  defined  air  power  as  the 


ability  to  assert  its  will  by  air  mobility 
and  further  said  that  air  power  is  also 
space  power,  extending  from  the  earth 
to  infinity.  In  this  concept,  the  control 
of  the  air  is  the  control  of  space  and, 
therefore,  aircraft,  missiles,  rockets,  etc., 
are  interchangeable.  Major  de  Sever¬ 
sky  stated  that,  in  his  opinion,  one  Air 
Force*  instead  of  three  military  depart¬ 
ments  is  essential  to  our  national  de¬ 
fense  and  that  all  efforts  should  be 


directed  to  increasing  our  electronics 
developments,  including  counter-mea¬ 
sures  against  hostile  air  power  and 
space  missiles. 

Pittsburgh 

On  October  1 7th,  chapter  members 
were  guests  of  Saxonburg  Ceramics, 
manufacturers  of  precision  ceramics. 
Chapter  president  George  Adehold, 
who  is  General  Manager  of  Saxonburg 
Ceramics,  was  host  for  the  evening. 
The  program  included  a  conducted  tour 
of  the  plant’s  facilities  and  a  social 
hour. 

An  added  feature  of  the  meeting  was 
a  specially  arranged  tour  of  the  near¬ 
by  Carnegie  Tech  cyclotron  installa¬ 
tion  at  Saxonburg.  Guides  were  pro¬ 
vided  to  explain  the  operation  of  the 
atom  smasher  and  to  answer  the  num¬ 
erous  questions  of  the  AFCEA  group. 

Rome-Utica 

The  chapter’s  October  I6th  meeting 
was  reported  in  the  Rome  Daily  Sen¬ 
tinel  as  follows:  “A  follow-up  to  dis¬ 
cussion  of  travel  in  outer  space  at  last 
night’s  meeting  of  the  Rome- Utica 
Chapter,  Armed  Forces  Communications 
and  Electronics  Association,  is  sched¬ 
uled  for  January  when  the- speaker  will 
be  Major  David  G.  Simons. 

“He  is  the  Air  Force  officer  who  this 
summer  soloed  in  a  balloon  at  a  record 
altitude  of  more  than  100,00^  feet — 
about  19  miles — and  thereby,  it  is  be¬ 
lieved,  proved  it  is  safe  for  man  to  fly 
to  outer  space. 

“Instructors  and  students,  from 
Utica  College,  Rome  and  Utica  high 
schools  and  the  Mohawk  Valley  Tech¬ 
nical  Institute,  were  among  the  265  per¬ 
sons  present  at  Jast  night’s  slide-illus¬ 
trated  lecture  by  Dr.  John  R.  Pierce, 
Bell  Telephone  scientist,  on  the  con¬ 
ceptions  and  misconceptions  of  the 
problems  of  space  travel. 

“His  talk,  given  at  the  Griffiss  AFB 
Officers  Club,  embraced  the  space  tra- 


TELEPHONE  AND  TEIECHAPN  EQUIPMENT 

Radio  Engineering  Products  is  currently  producing  a  number  of  types  of  equipment, 
electricoily  and  mechanically  interchangeable  with  standard  Bell  System  apparatus. 

CARRIER-TELEPHONE  EQUIPMENT 

C5  Carrier-Telephone  Terminal  (J68756).  A  kit  for  adding  a  fourth  toll-grade  channel 
to  existing  C  systems  is  available.  •  Cl  Carrier-Telephone  Repeater  (J68757)  •  121 A  C 
Carrier  Line  Filter  •  H  Carrier  Line  Filter  {X66217C). 

CARRIER-TELEGRAPH  EQUIPMENT 

40C1  Carrier-Telegraph  Channel  Terminal  (J70Q47C)  •  140A1  Carrier  Supply 

(J70036A1,  etc.)  •  40AC1  Carrier-Telegraph  Terminal. 

VOICE-FREQUENCY  EQUIPMENT 

VI  Telephone  Repeater  (J68368F)  •  Power  Supply  (J68638A1)  •  VI  Amplifiers 
(J68635E2  and  J68635A2)  •  V3  Amplifier  (J68649A)  •  V-F  Ringers  (J68602,  etc)  • 
Four  Wire  Terminating  Set  (J68625G1)  *  1C  Volume  Limiter  (J68736C). 

D-C  TELEGRAPH  EQUIPMENT 

16B1  Telegraph  Repeater  (J70037B)  *  lOEl  Telegraph  Repeater  (J70021A)  *  128B2 
Teletypewriter  Subscriber  Set  (J70027A). 

TEST  EQUIPMENT 

2A  Toll  Test  Unit  (X63699A)  •  12B,  13A,  30A  (J64030A)  and  32A  (J64032A)  Trans¬ 
mission  Measuring  Sets  *  111A2  Relay  Test  Panel  (J66118E)  *  118C2  Telegraph  Trans¬ 
mission  Measuring  Set  (J70069K)  *  163A2  Test  Unit  (J70045B)  *  163C1  Test  Unit 
-  (J70045D). 

COMPONENTS  AND  ACCESSORIES 

255A  and  209FG  Polar  Relays  *  Repeating  and  Retard  Coils,  several  types  *  184# 
185,  230A  and  230B  Jack  Mountings. 


RADIO  ENGINEERING  PRODUCTS 

1080  UNIVERSITY  ST.,  MONTREAL  3,  CANADA 

TELEPHONE  CABLES 

U  N.  versify  6-68  87  '  ‘  RADENPRO.  MONTREAL 
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I  vel  of  science  fiction  stories  and  the 
I  experiments  of  recent  years  in  which 
[  mice  and  monkeys  were  sent  80  miles 
I  aloft,  ‘and  when  picked  up  seemed  to 
he  none  the  worse.’ 

I  “If  the  research  animals  can  do  it, 

■  continued  Dr.  Pierce,  “men  can  pre¬ 
sumably  follow.’  However,  he  cited  the 
human  form  as  the  chief  drawback. 
‘It  is  likely  to  be  the  weakest  link  in 
the  chain’  leading  to  space  travel,  in¬ 
dicated  Dr.  Pierce. 

“He  said,  ‘The  human  body  is  not 
adapted  to  conditions  in  a  near  vac¬ 
uum.’ 

“Dr.  Pierce,  Director  of  Research  for 
Electrical  Communications  at  the  Bell 
Telephone  Laboratories,  referred  to  the 
space  travel  problems  anticipated  by 
‘ingenious’  science  fiction  authors — such 
hazards  as  those  presented  by  meteors 
and  cosmic  rays,  and  how  air  pressure 
would  swell  an  ill-designed  space  suit 
into  helpless  rigidity. 

“He  pointed  out  that  while  today  it 
is  possible  to  transmit  a  television  sig¬ 
nal  to  the  moon,  and  even  to  the  planet 
Mars,  man’s  probing  of  nature  and  tbe 
consequent  determining  of  laws  of  sci¬ 
ence  have  turned  up  additional  space 
travel  problems. 

“Dr.  Pierce  said  these  laws  reveal, 
among  other  things,  that  it  is  ‘unbear¬ 
ably  hot’  inside  the  orbit  of  the  planet 
Venus,  and  that  space  travel  beyond 
the  orbit  of  Mars  is  ‘terribly  hilly’  as 
contrasted  to  smooth  flight. 

“His  talk  was  supplemented  by  col¬ 
ored  slides  illustrating  a  voyage  from 
the  earth  to  the  moon.  Mars  and  to 
the  planet  Saturn.” 

Sacramento 

A  social  get-together  held  at  the 
MARS  building,  Sacramento  Signal 
Depot,  on  September  30th,  opened  the 
chapter’s  activities  for  1957-58.  During 
an  informal  business  session,  members 
discussed  program  subjects  for  future 
meetings. 

Guest  speaker  at  tbe  October  21st 
meeting  was  Dr.  R.  W.  Gerdel,  Chief 
of  the  Climatic  and  Environmental.  Re¬ 
search  Branch  of  the  U.S.  Army,  Snow. 
Ice  and  Perma-Frost  Research  Estab¬ 
lishment,  Wilmette,  Illinois,  who  gave 
an  informal  lecture  on  military  oper¬ 
ations  in  the  Arctic  installations  in  the 
northernmost  reaches  of  Canada.  He 
also  discussed  “The  City  Built  Under 
the  Ice  in  Greenland”  and  related 
projects. 

Dr.  Gerdel  augmented  his  discussion 
with  a  large  collection  of  color  projec¬ 
tion  slides. 

The  meeting  was  held  at  the  Officers 
Mess  of  the  Depot  and  was  preceded 
by  a  cocktail  hour. 

San  Juan 

The  September  26th  meeting,  held 
at  Fort  Brooke  Officers’  Club,  was 
devoted  to  a  discussion  of  how  the 
chapter  could  assist  the  Common¬ 
wealth  of  Puerto  Rico  in  initiating  a 
ommend  a  positive  program  of  chap- 
technical  training  program  in  its  vo- 
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cational  school  system.  Mr.  A.  L. 
Alicea  of  the  Department  of  Educa¬ 
tion,  present  as  a  guest  of  the  chap¬ 
ter,  stated  that  the  Commonwealth 
wished  to  institute  a  program  of  train¬ 
ing  for  technical  positions  for  com¬ 
munications  and  allied  industries  but 
that  the  Department  of  Education 
needed  advice  and  assistance  in  initi¬ 
ating  and  conducting  such  a  course. 

The  following  committee  was  ap¬ 
pointed  to  study  the  matter  and  rec¬ 
ommend  a  positive  program  of  chap¬ 
ter  assistance:  Eugene  Klein,  FCC, 
chairman  pro  tern;  John  Golden,  RCA 
Communications,  acting  chairman; 
George  Alich,  CAA;  Kinne  ^rachel, 
Prachel’s  TV  Service;  Jaime  Acosta, 
Radiotelephone  Communicators;  and 
Gerard  Lavergne,  Puerto  Rico  Tele¬ 
phone  Company. 

Recommendations  made  by  the 
committee  were  submitted  to  the 
October  24th  chapter  meeting  and 
were  approved  for  transmittal  to  the 
Commonwealth  Department  of  Edu¬ 
cation.  The  principal  recommenda¬ 
tion  concerned  the  shortage  of  quali¬ 
fied  instructors  to  conduct  the  tech¬ 
nical  training.  The  chapter  recom¬ 
mended  a  practical  program  of  re¬ 
cruiting  qualified  instructors  from 
the  electronic  industries  and  com¬ 
munications  svstem  'in  Puerto  Rico. 
Another  recommendation  was  that 
such  training  be  aimed  at  obtaining 
a  suitable  FCC  license  at  first,  with 
o’qions  to  change,  at  a  later  date  to 
telephone,  telegraph  or  wire  com-  " 
munications  work. 

Chapter  President  Wyman  S.  Bor¬ 
den  announced  his  imminent  transfer 
to  Mexico  City  and  tendered  his 
resignation  from  office.  He  was  given 
a  unanimous  vote  of  appreciation 
for  his  service  to  the  chapter.  Cap¬ 
tain  Gifford  Grange,  USN,  Com¬ 
manding  Officer  of  the  Naval  Com¬ 
munication  Station  arid  yice  president 
of  the  chapter,  succeeded  to  the  presi- 
dencv.  Mr.  Jarres  P.  Fitzwilliam, 
past  president,  was  appoipted  to  fill 
the  vice-presidential  vacancv. 

Special  guests  at  the  October  meet¬ 
ing  were:  Dr.  Amador  Cpbas,  radio¬ 
isotope  scientist  at  the  University  of 
Puerto  Rico:  Mai.  Earl  McCain, 
USAF,  and  six  Air  Force  and  Civil 
Air  Patrol  officers  who  were  in  Puerto 
Rico  for  the  October  26th  AF/CAP 
SARCAP,  a  fully-simulated  search 
and  rescue  mission  sponsored  by  the 
Air  Force. 

Tinker-Oklahoma  City 

The  October  15th  meeting  was  spon¬ 
sored  by  the  Southwestern  Bell  Tele¬ 
phone  Company,  with  Clarence  C. 
Flora  of  the  engineering  department, 
as  the  guest  speaker. 


Mr.  Flora’s  subject  was  “Distant  Ear¬ 
ly  Warning  Radar  and  Communications 
Projects  in  the  Arctic.”  His  presenta¬ 
tion  was  illustrated  by  an  outstanding 
collection  of  color  slides  and  covered 
the  early  planning  and  logistics  build¬ 
up  for  “Project  DEW  Line.” 

Included  among  the  guests  were 
members  of  the  Oklahoma  City  chap-.> 
ter,  American  Institute  of  Electrical 
Engineers. 

Washington 

A  complete  progress  report  of  the 
U.S.  earth  satellite  program  was  given 
by  Dr.  Homer  E.  Newell,  Jr.,  of  the 
Naval  Research  Laboratory  at  the  regu¬ 
lar  luncheon  meeting  on  November  5th 
at  the  Willard  Hotel.  Total  attendance 
was  four  hundred  and  fifty. 

Dr.  Newell  is  the  Science  Program 
Coordinator  for  PROJECT  VAN¬ 
GUARD  at  the  U.  S.  Naval  Research 
Laboratory.  He  discussed  various  sci¬ 
entific  uses  of  any ‘  earth  satellite,  and 
gave  detailed  information  concerning 
the  experiments  to  be  performed  with 
U.S.  satellites  as  part  of  the  Interna¬ 
tional  Geophysical  Year. 

Seated  at  the  head  table  were:  Dr. 
Newell;  Hugh  Odishaw,  Executive  Di¬ 
rector,  U.  S.  National  Committee  for 
the  International  Geophysical  Year; 
Capt.  Wilfred  B.  Goulett,  AFCEA  Ex¬ 
ecutive  Vice  President,  and  the  follow¬ 
ing  chapter  officials:  L.  Harriss  Robin¬ 
son  of  Motorola,  president;  vice  presi¬ 
dents — Maj.  Gen.  Emil  Lenzner,  Depu¬ 
ty  Chief  Signal  Officer;  Brig.  Gen.  Ber¬ 
nard  M.  Wootton,  Deputy  Director,  Com¬ 
munications -Electronics,  USAF,  and 
Ralph  A.  Irwin  of.  Westinghouse  Elec¬ 
tric;  secretary -treasurer  —  John  R. 
O’Brien  of  Hoffman  Laboratones;  pro¬ 
gram  chairman  —  John  F.  Gilbarte  of 
Admiral  Corporation. 

Engelhard  Industries 

(Continued  from  page  33) 
from  Army,  Navv  and  Coast  Guard 
research  ao^enc’es. 

One  of  Mr.  Waller’s  biggest  prob¬ 
lems  has  been  that  of  securing  quali¬ 
fied  personnel.  He  says  he  has  spent 
a  '  ear  and  a  half  looking  for  two 
men.  “Our  men  work  at  the  engineer¬ 
ing  level,  so  sales  experience  is  not 
important;  on  the  other  hand,  pure 
technical  proficiency  also  is  of  little 
value.  What  we  need  are  men  capable 
of  grasping  the  military  veiwpoint 
and  of  working  simultaneously  in  a 
number  of  highly  technical  fields. 
They  must  be  able  and  willing  to 
pick  up  a  completely  new  subject 
every  few  months — constant  study  is 
required.”  He  adds  that  it  takes  sev¬ 
eral  years  for  even  the  most  highly 
oualified  man  to  become  proficient 
in  this  work. 

Present  personnel  of  the  Military 
Service  Division,  in  addition  to  Mr. 
Waller,  include  T.  W.  Cushing,  V.  A. 
Forlenza,  F.  B.  Baur  and  R.  J.  Smith. 
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Why  SIGNAL? 

Here  are  several  good  reasons  why  SIGNAL  would  make  the  ideal  Christ¬ 
mas  gift.  It  affords  chapter  affiliation  with  friends  in  the  electronics  field. 
It  creates  a  very  cortgenial  climate  for  the  members  of  the  civilian-military 
team  to  discuss  and  solve  problems  of  mutual  interest. 

Secondly,  SIGNAL  Magazine  is  a  continuing  contact  with  the  professions 
of  communications,  electronics  and  photography.  It  provides  its  readers 
with  the  best  information  on  timely  subjects  and  major  developments  of  pro¬ 
fessional  interest.  It  gives  our  advertisers  a  crystal  clear  shot  to  present 
facts  about  services,  products  and  achievements  to  a  specialized  and  interested 
audience. 

Thirdly,  the  AFCEA  Convention  guarantees  a  highly  intellectual  and  top 
side  audience  to  hear  presentations  of  technical  papers  on  the  latest  in  tech¬ 
nical  achievements  and  trends  of  the  future.  Members,  guests  and  friends 
are  given  an  opportunity  to  view  first  hand  an  entire  display  of  products 
and/or  services  in  an  atmosphere  of  a  masterfully  coordinated  technical  trade 
show. 

Lastly,  of  special  interest  will  be  SIGNAL’S  special  January  Stockpile 
issue,  which  will  contain  a  reservoir  of  editorial  content.  It  is  an  issue  you 
will  want  to  read. 

SIGNAL’S  monthly  magazine — 12  important  issues — makes  the  difference, 
when  you  want  to  know  the  facts  of  life  in  this  electronic  age. 
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G-R  Sweep  Drive  Aids  in  Design  of 
Worid’s  Largest  Mechanicaiiy-Tuned  Cavity 


Research  scientists  at  Iowa  State  College  have  developed  a  model 
of  what  will  probably  be  the  world’s  largest  mechanically-tuned 
cavity.  The  cavity,  designed  for  operation  between  30  and  200  Me, 
may  serve  as -the  r-f  accelerator  for  a  15-25  billion  electron-volt 
proton  synchrotron.  The  cavity  was  designed  under  a  project  con¬ 
ducted  by  the  Midwest  Universities  Research  Association,  a  group 
of  midwestern  universities  organized  for  the  purpose  of  developing 
this  new  nuclear  research  device. 

During  development,  the  General  Radio  Sweep  Drive  proved  in¬ 
dispensable  for  determining  the  effects  of  design  changes  in  cavity 
models.  The  Sweep  Drive  was  coupled  to  a  G-R  Unit  Oscillator 
which  excited  the  cavity  over  a  broad  frequency  range.  The  cavity 
output  signal  was  rectified  and  applied  to  an  oscilloscope  with  a 
long-persistence  screen.  With  this  setup,  cavity  response  could  be 
panoramically  displayed,  making  cavity  resonances  at  various  modes 
of  oscillation  clearly  discernable  and  measurable. 

Whether  testing  accelerators  or  amplifiers,  the  Sweep  Drive  cuts 
testing  time  without  reducing  accuracy.  It  extends  the  usefulness  of 
manually-operated  equipment  such  as  oscillators,  signal  generators, 
receivers,  and  analyzers.  It’s  a  time-saver,  labor-saver,  and  cost- 
saver  all  rolled-in-one. 

All  G-R  Products 

n  Pnmnomi  covered  by  a 


Setup  used  during  accelerator  develop¬ 
ment.  Sweep  Drive  operates  G-R  Unit  Os¬ 
cillator  while  Type  1263-A  Amplitude- 
Regulating  Power  Supply  ($280)  maintains 
constant  oscillator  output  during  sweep¬ 
ing.  Constant  output  is  obtained  by 
comparing  output  signal  with  a  reference 
voltage  and  applying  a  rapid  correction 
voltage  to  oscillator  plate  supply. 

G-R  Type  1750-A  Sweep  Drive 

Wide  Range  of  Speeds  —  0.5  to  5  cps,  reciprocat¬ 
ing  motion. 

Sweep  Arc  —  adjustable  from  30°  to  300°. 

Center-Position  of  Sweep  Arc  —  adjustaole  to  any 
position  —  not  affected  by  sweep  arc. 

Universal  Coupling  System  —  four  adjustable 
spider-like  arms  readily  attach  to  knobs  and 
dials  V  to  4"  In  diameter  and  to  !4"  and 
shafts  —  shaft  height  also  adjustable. 

Limit-Switch  Circuit  —  disconnects  and  brakes 
motor  if  preset  limits  of  shaft  travel  are  acci¬ 
dentally  exceeded. 

CRO  Deflection  Circuit  —  provides  voltage  propor¬ 
tional  to  shaft  I  angle  for  CRO  horizontal- 
deflection  plates. 

Blanking  Circuit  —  eliminates  CRO  return  trace 
and  produces  a  reference  base  line. 

Rated  Maximum  Torque  —  24  oz.-in. 

Price  $460. 
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When  is  a  cake  of  ice  HO' 


Excellence  m  Electronics 


To  the  latest  infrared  sensing  dev 

Transparent  to  a  wider  range  of 
housing  or  lens,  new  Raytheon  s 
from  subzero  objects  to  reach  de 
500®  F.  or  hotter  for  detection  a 
improve  detector  performance,  p 
at  greater  distances  in  total  darl 

This  latest  development  typifies 
constant  exploration  and  experii 
and  products  of  utmost  efficienc; 


.RAYTHEON  MANUFACTUR 


HOT? 


lensing  devices,  even  ice  is  hot! 

r  range  of  infrared  frequencies  than  any  other  IR 
Raytheon  silicon  optics  aljow  even  the  faint  radiations 
3  reach  detectors.  Formerly,  objects  had  to  be 
etection  at  equal  ranges.  The  new  silicon  optics 
rmance,  permit  them  to  locate  targets 
total  darkness! 

it  typifies  creative  engineering  at  Raytheon— 
id  experimentation  to  achieve  components 
fc  efficiency  and  reliability. 
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